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(57) Sang ché d& xuit phuong phap va thiét bi dé x4c dinh ndng do axit nucleic thai
nhi trong mau nguodi me. Phuong phép nay bao gbdm: (1) x4c dinh thong tin genotyp
thr nhét dua trén sy can chinh gitta dit liéu phén tich trinh ty va it nhét mot ph?m cua
hé gen tham chiéu, dir lidu phan tich trinh tu dugc bt nguén tir mau axit nucleic cia
mau me; (2) hiéu chinh thong tin genotyp thi nhit dwa trén dit liéu tham chiéu bang
cach sir dung mbi quan hé mit cén bang lién két, dé thu dugc thong tin genotyp thit hai;
va (3) xac dinh néng dd axit nucleic thai nhi dua trén su khac biét gifta thong tin

genotyp thtr nhat va thong tin genotyp thit hai.
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Linh vwe ky thuat dwgc dé cap

Sang ché lién quan dén linh vuc phat hién gen, va cu thé 13, &én phuong phap va thiét

bi dé x4c dinh ndéng do axit nucleic thai nhi trong mau ngudi me.
Tinh trang k¥ thuét ciia sang ché

Vi su kham pha ra ADN tu do té bao thai nhi trong huyét twong me vao nam 1997, xét
nghiém trude sinh khong xam 14n (noninvasive prenatal testing-NIPT), ma c6 thé thu
dugc théng tin ADN thai nhi bing cach chiét ADN ty do té bao (cell-free
DNA-cfDNA) tudn hoan tir huyét twong ngudi me, da tao ra su tién trién 16n. Da duge
khang dinh ring néng d6 ctia ¢fDNA thai nhi trong cfDNA huyét trong me gia tdng
v6i su gia ting ctia tudi thai trong méau duoc 14y ra, va ciing thay ddi v6i timg phu nit
mang thai khic nhau. Viéc u6c tinh chinh x4c néng d6 cta cfDNA thai nhi trong
cfDNA huyét twong me khong chi giup ting cudng d6 chinh xac ctia NIPT, ma con
gitip dé dang nghién ctru tdc dong anh hudng ctia n6 dbi véi cac bién chung thai ky

khac nhau va phenotyp me.

Nhiéu t6 chirc da lién tiép dé xuit cac phuwong phap dé uée tinh ndng do axit nucleic
thai nhi thong qua dit liéu va phuong phap khac nhau. Cac phuong phap ndy cé thé
dugc phan loai thanh séu loai: 1) phwong phap tinh toan dwa trén d6 sau nhiém sic thé
Y, dé tinh toan ndng d6 axit nucleic thai nhi dwa trén nguyén tic ring cac chi sb phan
tich trinh tu ¢fDNA c6 ngudn gdc tir phu nit mang thai irong huyét twong khong thé
duogc 1ap ban d6 cho ving khong twong ddng ctia nhidm sic thé Y ciia hé gen tham
chiéu nguoi, va cac chi sé ma c6 thé duge 1ap ban dd duy nhét cho ving khéng tuong

dong ctia nhiém sic thé Y ctia hé gen tham chiéu nguoi tat ca duoc bat ngudn tir
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cfDNA cuia thai nhi bé trai; 2) phuong phép tinh toan da hinh mot nucleotit (single
nucleotide polymorphism-SNP) dugc hd tro bang céach 1dy dit liéu phan tich trinh tu,
ma st dung cac vi tri ddng hop tir nhung khac véi hé gen cua cha va me va két hop céc
chi s thong tin do su ciia huyét trong me dé tinh toan ndng d6 axit nucleic thai nhi; 3)
phuong phép tinh toan phan phdi d6 sau chi s6 phan tich trinh tw, ma chia hé gen thanh
céc ctra sb (vi du, 50kb), tinh toan tdng s céc chi s ctia cfDNA trong huyét twong me
va ty 18 cua cac chi s6 ngin trong mdi cira 36, sir dung cac két qua tinh toan lam dit
litu diu vao dé thiét 14p mo hinh hdi quy, udn chinh mé hinh nay bing ndng do
cfDNA thai nhi dugc tinh toan bing do sdu nhidm sic thé Y lam bd ding, va st dung
dit liéu ctia c& mau siéu 16n, va sau d6 phat hién néng do cfDNA thai nhi st dung mo
hinh udn chinh nay; 4) phuong phép tinh toan hd tro dit liéu metyl hoa, trong do6 su
tinh toan duoc dua trén cac su khac biét vé su metyl héa cua ADN co nguén géc tlr cac
c4 thé khac nhau hodc tir cac mo khac nhau cia cing mot c4 thé; 5) phuong phép tinh
toan dd dai doan cfDNA, dé uge tinh néng d6 cta cfDNA thai nhi béng cach tinh toan
ty 1€ ctia cac doan cfDNA trong co thé cua phu nit mang thai dua trén thuc té da biét
rang chiéu dai ciia cic doan cfDNA thai nhi trong huyét twong me c6 sy phan bd ty 1é
16n hon nam trong khoang tir 147bp dén 167bp, va chiéu dai ¢fDNA cua phu nit mang
thai thuong phan bd trong khoang tir 167bp dén 187bp; va 6) phuong phép tinh toan
sép xép nucleosom, dé udc tinh néng do cua cfDNA thai nhi dua trén sy khac biét vé
su phan bd chidu dai doan ctia cfDNA phu nit mang thai va ¢fDNA thai nhi gdy ra cac
mirc thoai hoa khac nhau. Trong s sdu phuong phap, chi cac phuong phép 1), 3) va 6)
¢6 thé tinh toan ndng do cfDNA thai nhi chi dua trén dit ligu NIPT, phuong phép 1) bi
gi¢i han dén su tinh toan dic hiéu cho thai nhi bé trai, va cac phuong phap 3) va 6) c6

thé chi dugc str dung dé tinh toan dit liéu NIPT véi d6 sau cao hon.

Hién nay, khéng c6 phuong phap nao c6 kha ndng tinh todn ndéng do6 cfDN cho c4 hai

khong phén biét thai nhi bé trai va bé gai dya trén dit liéu NIPT d sau si€u thép.
Bén chit k§ thudt ciia sang ché

Sang ché nham giai quyét mot trong sd cac van @& k¥ thuat trong linh vuc lién quan it

2/49



49804

nhit dén mic d6 nhit dinh. V& mat nay, ddi tuong clia sang ché 13 dé xudt phuong

phap va thiét bi dé x4c dinh ndng d6 axit nucleic thai nhi trong huyét twong me.
Trong khoang thoi gian nghién ctru dai, nguoi ndp don da c6 cac phat hién sau.

Déi v6i cac phuwong phéap hién c6 dé tinh toan nong do axit nucleic thai nhi, khi phat
hién ndng dd axit nucleic thai nhi trong mau phu nit mang thai, cac loai dit liéu khac
ngodi dit liu NIPT ctia huyét tvong méu cia phuy nit mang thai can dé tro gitp trong
hau hét cac trudng hop. Trong s ching, 1) phuong phap tinh todn da hinh mot
nucleotit (SNP) dugc hd trg bang cach 14y dit liéu phén tich trinh tu can cho viéc st
dung dit liéu phén tich trinh tu l4y tir bd me hoic dit lidu phan tich trinh tu ¢fDNA d6
sdu cao la su tro gitip, su tinh todn ndéng do axit nucleic thai nhi ¢6 thé duge hoan
thanh chi dua trén viéc thu bd sung genotyp thich hgp cia bd va me (hoac it nhét 1a
me); 2) phuong phép tinh toan hd trg dit liéu metyl héa can dit liéu metyl hoa bd sung
ctia bd va me dé tinh toan ndng do axit nucleic thai nhi. Cac phuong phép nay can loai
dir lidu bd trg khac nhau, mot mit lam gia ting d6 kho 14y mau (vi du, cAn thu miu

mau ciia bd), va mat khéc, lam tang chi phi phén tich.

Tuy nhién, cac phuong phap ma chi can dit liéu NIPT cia huyét twong me c6 yéu ciu
~ thém vé loai dir liéu NIPT va d) sau phan tich trinh tu. Trong sb chung, 1) phuong
phép tinh toan chidu dai doan ¢fDNA cin u6c tinh chinh xac chiu dai doan cfDNA,
va do d6 chi phan tich trinh tw két thuc ghép cip (paired-end -PE) c6 thé duoc dua ra;
va 2) phuong phép tinh todn su sip xép nucleosom can sir dung sy khéc biét do sau
ctia cac chi sb trong don vi nucleosom va do d6 c6 yéu cdu nhét dinh vé d6 siu cta
phan tich trinh tu NIPT, va do d6 khong thé chi st dung dir lidu v6i do sdu la khoang
0,1x ma hién tai 1a chung thong thuong cho phat hién NIPT.

Hai phuong phép con lai, ma khong can dit liéu bd sung cua cac loai khac 1 su tro
gitp va khong dac hiéu cho dit liéu NIPT, ca hai c6 cac gidi han riéng ctia né trong
ting dung va khong thé bao gdm tit ca cac mau NIPT. Trong sb chung, 1) phuong phéap
tinh todn d6 sau nhiém séc thé Y c6 thé chi tinh toan ndng do axit nucleic thai nhi cta

thai nhi bé trai, nhung khong thé tinh toan ndng do axit nucleic thai nhi cta thai nhi bé
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gai; va 2) phuong phap tinh todn sy phén bb do sau cac chi sd phan tich trinh tu ¢6 thé
chi duge sir dung dé wdc tinh cac mau co ndng dd axit nucleic thai nhi cao, va khong

thé 4p dung cho cac mau c6 ndng do axit nucleic thai nhi nhé hon hozc bing 5%.

Do d6, vin can thiét cai thién tiép phwong phap tinh toan ndng do cfDN ctia ca hai thai
nhi bé trai va bé gai khong phan biét bing phuong tién dit ligu NIPT do sau thap. V&

mat nay, sang ché dé xuét phuong phap va thiét bi d& x4c dinh ndng d6 axit nucleic
thai nhi trong mau ngudi me. Phuong phap hodc thiét bi c6 thé sir dung chi dit lieu
NIPT cua huyét twong me dé xac dinh ndng do axit nucleic thai nhi, khong cin su tro
giup cua dir liéu khac. Ngoai ra, phuwong phap hodc thiét bi c6 thé dugc ap dung cho dit
liéu phén tich trinh tur c6 dd siu si€u thép (vi du, khoang 0,1x), va khong c6 cac gidi
han d6i véi loai phan tich trinh ty, va ca hai phan tich trinh ty két thuc ghép cdp va
phéan tich trinh ty két thuc don c6 thé duoc sir dung; va phuong phap hodc thiét bi
khoéng dac hiéu véi céac loai mau, va c6 kha ning ung dung cho ca hai loai mau lién

quan dén thai nhi bé trai va mau lién quan dén thai nhi bé gai.
~ Cu thé 1, sang ché dé xut cac giai phap k¥ thuat sau.

Theo khia canh thir nhit ctia sang ché, sang ché d& xuét phuong phép dé xac dinh nbéng
dd axit nucleic thai nhi trong mau ngudi me. Phuong phdp nay bao gbm: (1) x4c dinh
thong tin genotyp thu nhét dua trén sy cin chinh dit liéu phan tich trinh tu véi it nhét
mot phén hé gen tham chiéu, dir liéu phén tich trinh tu duoc bét nguén tir mau axit
nucleic clia mau me; (2) hiéu chinh thong tin genotyp thu nhét dya trén dit liéu tham
chiéu bing cach sir dung mdi quan hé mAt can bang lién két dé thu dugc thong tin
genotyp tht hai; va (3) xac dinh ndng do axit nucleic thai nhi dua trén su khac biét

gitta thong tin genotyp thir nhét va thong tin genotyp thir hai.

Sang ché dé xuit phuong phap dé xac dinh ndng do axit nucleic thai nhi trong méau
ngudi me. Trong phuong phap nay, thong tin genotyp thur nhit thu dugc bang cach
can chinh dit liéu phan tich trinh tw véi hé gen tham chiéu; dir liéu phan tich trinh ty
thu duoc béng cach phan tich trinh ty mau axit nucleic cua mau me, va dit li€u phan

tich trinh tu bao gdm thong tin axit nucleic thai nhi va thong tin axit nucleic me. Dt
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liéu phéan tich trinh ty cling gidn tiép bao gdm thong tin axit nucleic bd, vi mot phan
cua thong tin axit nucleic thai nhi dugc bt ngudn tir bo. M&i quan hé mét can bang
lien két dugc st dung dé hiéu chinh thong tin genotyp thtr nhét thu dugc. N6i cach
khac, mot phan ciia thong tin axit nucleic ¢o ngudn gde tir cha me dugc tron trong dir
liéu phén tich trinh ty, va dugc bét ngudn tir ca thé khac tir thong tin me, va do vy
duoc hidu chinh dén muc do nhit dinh dé thu dugc thong tin genotyp thir hai sau khi
hiéu chinh. Sau do, mdt phén cua thong tin genotyp dugc hi¢u chinh c6 thé duoc xac
dinh bang su khac biét giita thong tin genotyp thi nhét va théng tin genotyp thir hai,
va cang nhiéu phan ctia thong tin genotyp dugc hiéu chinh, thi ndng d6 cfDNA thai nhi
trong huyét twong me cang cao. Nong d6 axit nucleic thai nhi c6 thé dugc x4c dinh
dua trén mdi quan hé giita ty 1€ cua genotyp dugc hiéu chinh va ndéng d6 cfDNA thai

nhi trong huyét tuong me.

Phuong phap dé xac dinh ndng do axit nucleic thai nhi trong mau me duoc d& xudt boi
sang ché co nhiéu loi ich trong céc khia canh sau: 1) thong qua phuong phap nay, chi
¢6 dit liu NIPT cta huyét tuong me duge stt dung khong can sy tro gitp cta dit lieu
khac; 2) phuong phap nay co thé duoc 4p dung cho dit liéu phén tich trinh ty ¢6 do sau
siéu thép (vi du, khoang 0,1x), bé1 vi mbi quan hé mét can béng lién két duogc st dung
dé u6e tinh cac su thay ddi trong genotyp hé gen, cac su thay dbi trong genotyp hé gen
¢6 thé phan anh ndng do axit nucleic thai nhi mién 1a dit liéu nay bt ngudn tir hai
ngu@)n (phu nit mang thai va thai nhi) duoc tron, thim chi néu do sau phén tich trinh tu
1a thip; 3) phuong phap nay khong ddc hiéu vai loai phén tich trinh tw, va cé hai phan
tich trinh tu két thiic ghép cip hodc phan tich trinh tu két thuc don c6 thé ap dung; 4)
phuong phap nay khong déac hiéu véi cic loai mau (ca hai mau lién quan dén thai nhi
bé trai va mAu lién quan dén thai nhi bé gai c6 thé ap dung), va khong c6 gi6i han doi

vGi ndng do axit nucleic thai nhi.

Phuong phap dugc dé xuét trong sang ché vurot qua nhiing han ché cia d6 su phan
tich trinh tu, loai dit liéu, va gi6i tinh thai nhi cta dir liéu dwgce ude tinh cho lan tht

nhét ¢6 tinh phd bién, khong can ldy mAu bd sung va chi phi phén tich trinh tw, va c6
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gia tri tmg dung cuc ky cao trong linh vuc NIPT.

Theo cac phuong 4n cua sang ché, phuong phép néu trén dé xac dinh ndng do axit

nucleic thai nhi trong méu me c6 thé bao gébm thém cac dic diem k¥ thuét sau.

Trong mot sb phwong 4n cla sang ché, dir liéu phan tich trinh tu thu dugc bing cach
phén tich trinh ty mau axit nucleic cia mau me, va dd siu cia phén tich trinh ty nay co
thé 1a 10X, 5X, 1X, 0,5X, 0,2X, hozc 0,1X. MaAu axit nucleic cia mau me¢ bao gém
thong tin axit nucleic thai nhi va thong tin axit nucleic me, va mot phén ctia thong tin
axit nucleic thai nhi c6 ngudn gdc tir cha me. Do d6, thdm chi dit liéu phan tich trinh ty
thu duoc béng cach phén tich trinh ty mau axit nucleic cia mau me 1a dit li€u phan tich
trinh ty v6i do sdu phan tich trinh ty thép, vi dy, dit liéu phén tich trinh ty lén dén 10X,
lén dén 5X, lén dén 1X, hodc tham chi 0,1X, dit liéu trinh tu c6 thé dugc phén tich
bang phuong phéap duge dé xuit trong sang ché dé xac dinh ndng do axit nucleic thai

nhi.

Trong mot s6 phuong 4n cla sdng ché, dir liéu phan tich trinh tu thu dugc thong qua
cong nghé phan tich trinh tu thé hé tht hai hoic cong nghé phan tich trinh tu thé hée
thir ba. Cong nghé phan tich trinh tu thé hé tht hai cling duoc dé cap dén 14 cong nghé
phén tich trinh tu cong suét cao, ma cé thé thu duoc nhiéu trinh tu mot lan. Vi du, axit
nucleic ¢6 thd duoc chia nho ngau nhién thanh cdc doan nho (khoang tir 250bp dén
300bp) bing phuong tién vat ly hodc hoa hoc, va sau do cac doan phéan tir nhé nay
duoc lam giau bang cach xay dung thu vién va dugc phan tich trinh tu trong may phén
tich trinh tw. M4y phan tich trinh ty ¢ cdc ving trong d6 cdc doan nay co6 thé dugc
gan, va mdi doan c6 ving gén doc lap, sao cho thong tin cla tat ca cac trinh tw ADN
duoc gén 6 thé duogc phat hién trong mat lan. Cong nghé phan tich trinh tu thé hé tha
hai ¢6 thé phét hién sb luong 16n céc trinh tu trong mot lan, nhung céc doan nay la
khong bi giGi han, vi du, khoang tir 250bp dén 300bp, va chi phi 1a kha cao. Cong
nghé phén tich trinh tu thé hé tht hai duge st dung thong thuong cé thé 1a phuong
phap pyrosequencing Roche/454’s dé phan tich trinh tu, hodc phat hién phan tich trinh
tu huynh quang Illumina, phat hién phén tich trinh tu huynh quang ABI/Solid, hodc
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phat hién phén tich trinh tu DNB MGI, v.v... Cong nghé phan tich trinh tu thé hé tha
ba c6 thé tao ra chidu dai phan tich trinh ty 1én dén khoang 10KB va khong dua vao
khuéch dai PCR. Cong nghé phan tich trinh tu thé hé thit ba cho phép chiéu dai phan
tich trinh tu 1én dén khoang 10KB va khong dua vao khuéch dai PCR, vi du, st dung
SMRT PacBio hodc céng nghé phan tich trinh tw ADN cuc nano mot phén tir duge
phat trién boi Oxford Nanopore Technologies. Dit liéu phén tich trinh tu cua mAau axit
nucleic cua mau me, du thu dugc béng cdng nghé phan tich trinh ty thé hé thw hai hodc
cdng nghé phan tich trinh tu thé hé tht ba, hodc thu duge béng phan tich trinh tu két
~ thiic don hoac phén tich trinh tu két thic ghép cip, c6 thé dugc phan tich theo phuong

phép dugc dé xuét trong sang ché dé x4c dinh ndng dd axit nucleic thai nhi.

Trong mot s6 phuong 4n clia sdng ché, hé gen tham chiéu bao gdm it nhét mot ving
ndi manh trong hé gen ngudi. "Viung nbi manh" thay doi theo kich c& va chu tric cia
quan thé nghién ctru, va thudng xac dinh 12 ving trong d6 xéc sudt to hop lich str gitta
cap bat ky ctia céc vi tri bién dbi 1a nhd hon 5%. Hé gen tham chiéu c6 thé chira mot
ving ndi manh, hai ving néi manh, ba vang néi manh, hogc thdm chi nhiéu hon. Noi
chung, khong tinh dén chi phi, cac ving ndi manh chita trong hé gen tham chiéu cang
nhiéu, néng do axit nucleic thai nhi trong mau me cubdi cung duoc xac dinh sau khi can

chinh va tinh toan chinh x4c cang cao.

Khi chon loc cac vung ndi manh, tit ca hodic mdt phén cac vung ndi manh cia quén
thé trong hé gen c6 thé duoc tim thiy, phu thudc vao kich c& va chu tric cua quéan thé
nghién ctru, va sau d6 dua trén cac gidi han cua cac vung ndi manh nay, cac vung ndi
manh ¢6 kich ¢& thich hop c6 thé dugc chon loc 1a hé gen tham chiéu. No6i chung, sb
lugng va ty 1€ cla céc vi tri bién dbi cia ADN me va ADN bao thai dugc bao trim
trong ving ndi manh chon loc cang 16n, ndng do axit nucleic thai nhi trong méu me
duoc tinh todn st dung hé gen tham chiéu chura trong ving ndi manh nay cang chinh
xéac. Trong mot s6 phuong 4n cla sang ché, chidu dai cua ving nbi manh nim trong
khoang tir 5 mb dén 10 mb, vi du, 10 mb, 9 mb, 8 mb, 7 mb, 6 mb, hodc 5 mb. Chiéu

dai duoc liét ké trén day cua vung ndi manh ¢ thé co su bién ddi 1a tr 10% dén 20%,
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vi du, chiéu dai ctia ving ndi manh c¢6 thé 1a 10 mb, 11 mb hodc 12 mb, 9 mb hogc 8
mb, v.v... Theo céach nay, thong tin ¢ ngudn gbc tir dit liéu phén tich trinh tu nguoi bd

c6 thé duoc hiéu chinh chinh x4c.

Trong mot s& phuong an cla sang ché, thong tin genotyp thir nhét duoc xac dinh dua
trén s cac chi sé phan tich trinh ty hd trg. Khi thong tin genotyp thir nhét thu duoc,
thong tin genotyp thir nhét duogc xac dinh dua trén s6 céc chi s6 phan tich trinh ty hd
tro. Vi du, ddi voi i tri nhét dinh, néu 100 chi sb phan tich trinh ty hd tro bazo A, 8
chi s phan tich trinh ty hd trg bazo G va 20 chi ) phén tich trinh tu hd trg bazo T, thi
bazo & vi tri ndy duogc xac dinh 1a bazo A. Theo cach nay, thong tin genotyp cua mdi vi
tri ¢6 thé thu dugc, va thong tin genotyp thi nhét yéu ciu c6 thé dugc xac dinh bang

cach can chinh véi it nhat mdt phan cua hé gen tham chiéu.

Trong mot sb phuong 4n cla sang ché, thong tin genotyp thu nhit bao gdm it nhit mot
trong s6 SNV hoic Indel. Thong tin genotyp thit nhit bao gdm thong tin bién ddi mot
nucleotit (SN'V) va/hodc thong tin xen vao-x6a bé (Indel) doan nhd, va thong tin axit
nucleic bd ¢6 thé dugc phan anh thong qua sy hiéu chinh cac thong tin nay, nho doé

thuc hién su x4c dinh chinh x4c néng d6 axit nucleic thai nhi.

Trong mdt sd phuwong 4n cla sang ché, dit liéu tham chiéu bao gb6m nhiéu méu thong
in vi trf bién di va nhidu mAu thong tin tAn suit bién ddi. S dung dit li¢u chira nhiéu
méu thong tin vi tri bién dbi va nhiu mu thong tin tan suét bién doi lam dir ligu tham
chiéu, thong tin genotyp thir nhét c6 thé duoc hiéu chinh dya trén mdi quan hé mét can
bang lién két, d hiéu chinh mot sé thong tin phén tich trinh tu tir b6, va sau d6 nong
dd axit nucleic thai nhi dugc xé4c dinh dua trén sy tuong quan gitra thong tin dugc hiéu

chinh va ndng d6 axit nucleic thai nhi.

Trong mot sb phuong an cua sang ché, su hiéu chinh dugc thyc hién thdng qua
IMPUTE2. IMPUTE?2, 1a thuét toan gan, ma thuc té {a thuat toan hiéu chinh va canh
tranh genotyp cho cac vi tri vdi dit liéu x6a hodc do chinh xéc thip. Ngoai IMPUTE2,
phuong phéap gan khac ¢ thé ciing duoc st dung dé thuc hién hiéu chinh vi tri bang

céch sit dung thong tin LD, nhu BNEAGLE, PHASE va phin mém khéc.
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Trong mdt s phuong 4n cua sang ché, bude (3) bao gdm thém: bude (3-1) xac dinh ty
1¢ khac biét gitta thong tin genotyp thir nhét va thong tin genotyp thir hai; va budce (3-2)
xéac dinh ndng d6 axit nucleic thai nhi dwa trén ty 1¢ khéc biét thu dugc trong bude (3-1)
va cong thirc udn chinh xac dinh trude, cong thic udn chinh nay dugc xac dinh dua
trén nhiéu miu tham chiéu v4i nong d¢ axit nucleic thai nhi da biét. Trong mbi quan
hé gitta nhidu ndng do axit nucleic thai nhi da biét va ty 1& khic biét cua thong tin
genotyp tho nhit va thong tin genotyp thir hai, cac cong thirc hodc cac mé hinh khac
nhau, vi du, md hinh hdi quy tuyén tinh, hodc mé hinh khac ma tich hop hiéu qua tht
cé4 cac thoéng tin, nhu mo hinh rung ngau nhién hogc cdc md hinh nghién ctru séu khac,
V.v..., duge st dung dé ubn chinh dé tuong quan ndng d6 axit nucleic thai nhi véi ty 1&
khac nhau. Sau khi tinh toan ty 1& khac biét gifta thong tin genotyp thir nhét va thong
tin genotyp thir hai cua mAu axit nucleic tr mdu me xac dinh, ndng d6 axit nucleic thai
nhi trong mau me nay co thé duoc xdc dinh bing cong thirc udn chinh x4c dinh trude.
Nghia la, trong giai doan dau, mot s6 mau co cac néng do axit nucleic thai nhi da biét
6 thé duoce st dung lam bd udn chinh ma duoc diéu chinh véi su trg gitip clia phuong
phap dugc dé xuét boi sang ché st dung cac cong thirc hodc cac mo hinh khac nhau dé
x4c dinh cdng thirc nay; va trong ung dung sau do, ndéng dd cfDNA thai nhi ciia mot
hodc nhidu mau c6 thé duge du doan khong can céc miu bd sung c6 cac ndng do axit

nucleic thai nhi da biét.

Trong mot s6 phuong 4n cuia sang ché, thuat ngit “phidu” chi dinh it nhat 13 100, vi dy,
100, 500, 1.000, 5.000, hoic nhidu hon. Khi cong thirc hoic md hinh dugc sir dung dé
ubn chinh, sé lwong mau tham chiéu cang 16m, cong thirc udn chinh nay cang chinh
xéc, va ndng do axit nucleic thai nhi trong mau me duge do bing cong thirc ndy cang
chinh xé4c. TAt nhién, qua nhiéu mau c6 thé ciing gia ting chi phi tinh toan va chi phi tir
chinh ¢& mau. Khi c4 hai chi phi va d chinh xéc uén chinh 12 t6i wu, sd lugng céc
mAu tham chiéu nay c6 thé ndm trong khoang tir 5.000 dén 1.0000, vi du. 5.000. 6.000.
7.000. 8.000. 9.000. ho#ic 10.000. ma khong gidi han & day.

Theo khia canh thir hai ciia sang ché, sang ché d& xuét thiét bi d xac dinh ndng do axit
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nucleic thai nhi trong mau nguoi me. Thiét bi ndy c6 thé xac dinh ndng dd axit nucleic
thai nhi trong mau me bang cach st dung chi dit liéu NIPT cta huyét twong me khong
can sy trg gitp cta dit liéu khac. Ngoai ra, thiét bi nay c¢6 thé dugc 4p dung cho dir liéu
phan tich trinh tw ¢6 do sau siéu thip. Bén canh do, thiét b nay khong c6 gi6i han doi
v6i loai mau, va c6 thé 4p dung cho ca hai mAu mang thai nhi bé trai hodc mAau mang
thai nhi bé g4i. Thiét bi nay bao gdm: bd phan cin chinh dugc cu hinh dé xac dinh
thong tin genotyp thu nhét dya trén su cin chinh gitta dir liéu phén tich trinh ty va it
nhat mot phén cua hé gen tham chiéu, trong d6 dit liéu phén tich trinh tw duoc bt
nguén t mau axit nucleic ciia mau me; bd phan hi¢u chinh dugc ndi v6i bd phan cin
chinh va duoc cAu hinh dé hiéu chinh thong tin genotyp thir nhit dva trén dit ligu tham
chiéu bang cach st dung mdi quan hé mét can bang lién két dé thu duoc thong tin
genotyp thir hai; va b phan tinh toan dugc ndi voi bo phan cin chinh va bo phén higu
chinh va duoc cAu hinh dé x4c dinh ndng d¢ axit nucleic thai nhi dya trén sy khéc biét

gitta thong tin genotyp thir nhét va thong tin genotyp thir hai.

Theo cac phuong 4n cua sang ché, thiét bi trén dé xac dinh néng dd axit nucleic thai
nhi trong mau me ¢o thé c6 tiép cac dic diém k¥ thuat sau. Cac ddc diém k¥ thuat nay
dugc dé cap hodc duoc bao gdm trong phuong phép néu trén dé xé4c dinh ndng do axit
nucleic thai nhi trong mau me, va cac chtrc ndng cua cac dac diém 1a tuong tu véi cac
chtrc ndng trong phuong phap néu trén dé xac dinh ndng do axit nucleic thai nhi trong

mau me, va s&€ khong dugc mo ta chi tiét ¢ day.

Trong mdt s6 phwong 4n cla sang ché, trong thiét bi nay, dit liéu phan tich trinh tu thu
dugc béng cach phén tich trinh ty mau axit nucleic cia mau me, va do sau cua trinh tu
c6 thé 1a 10X, 5X, 1X, 0,5X, 0,2X, hodc 0,1X. Nghia 13, thiét bj duoc d& xuat béi sang
ché ¢6 thé str dung khong chi dit liéu phén tich trinh tw d6 sau kha cao hodc do sau cao
@& x4c dinh ndng do axit nucleic thai nhi trong méu me, ma con dir liéu phén tich trinh
tu do sau siéu thép hodc phan tich trinh ty do séu thép dé xac dinh nﬁ‘)ng d6 axit nucleic

thai nhi trong mau me.

Trong mdt s6 phwong 4n cla sang ché, trong thiét bi nay, dit liéu phén tich trinh ty thu
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dugc bang phuong tién cia cong nghé phén tich trinh ty thé hé th{r hai ho#ic cong nghé

phén tich trinh ty thé hé thi ba.

Trong mdt s6 phuwong an clia sang ché, trong thiét bi nay, hé gen tham chiéu bao gbm it

nhat mdt ving ndi manh trong hé gen nguoi.

Trong mot sd phuong 4n cla sang ché, trong thiét bi nay, chidu dai cua ving ndi manh
nam trong khoang tir Smb dén 10mb, vi du, 10mb, 9mb, 8mb, 7mb, 6mb, hodc Smb.

Chiéu dai cta ving n6i manh khong bi gidi han cu the trong sang ché nay.

Trong mdt s phuong an cla séng ché, trong thiét bi nay, thong tin genotyp thur nhét

duogc xac dinh dya trén s6 cac chi so phén tich trinh tu h tro.

Trong mot s6 phuong 4n cua sang ché, trong thiét bi nay, thong tin genotyp thir nhét

bao gdm it nhit mot trong s6 SNV hoic Indel.

Trong mdt sb phuong 4n cua séng ché, trong thiét bi nay, dit liéu tham chiéu bao gébm

nhidu mau thong tin vi tri bién d6i va nhiéu mau thong tin tan suét bién doi.

Trong mot sb phuong an cua sang ché, trong thiét bi nay, su hiéu chinh dugc thyc hién

thong qua IMPUTE?2.

Trong mdt sb phuong 4n cua séng ché, b phan tinh toan bao gbm thém: bd phén tinh
toan ty 1¢ khac biét dugc cAu hinh dé x4c dinh ty 1& khac biét gilta thong tin genotyp
thir nhét va thong tin genotyp thir hai; va bd phén tinh todn ndéng do axit nucleic thai
nhi duoc ndi v6i bd phan tinh ton ty 18 khac biét. B phan tinh toan nong df axit
nucleic thai nhi duge cdu hinh dé x4c dinh ndng dd axit nucleic thai nhi dya trén ty 1&
khéc biét thu dugc trong bd phén tinh toan ty 1& khac biét va cong thurc udn chinh duge
xac dinh trude. Cong thirc udn chinh dugc xac dinh dua trén nhiéu mau tham chiéu véi

cac ndng d6 axit nucleic thai nhi da biét.

Trong mot sd phuong an cla sang ché, thuat ngir “nhiéu” c6 thé chi dinh tir 5.000 dén
10.000, vi du, 5.000, 6.000, 7.000, 8.000, 9.000, hodc 10.000. S6 lwong miu khong bi

gidi han cu thé ¢ day.
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Theo phuong 4n thr ba ctua sang ché, sang ché dé xudt thiét bi may tinh, bao gbm bd
nhé, bd xir 1y, va chuong trinh may tinh duoc luu trit trén b nh& nay va dugc thuc
hién trén bd xtr ly. Chuong trinh nay, khi duoc thuc hién boi bd xur ly, thuc hién
phuong phap theo mét bét k¥ trong sd cac phuong 4n cta khia canh thir nhit clia sang
ché. Do d6, chi can dir liéu NIPT cua huyét twong me, va ndng do axit nucleic thai nhi
¢6 thé duoc x4c dinh nhanh chong v6i su trg gitp cla mbi quan hé mét can bang lién
két, va n6 co thé dugce ap dung cho dit liéu phén tich trinh tw d6 sau thap, 1a khong dic

hiéu voi néng d6 axit nucleic thai nhi va loai mau.

Theo khia canh thr tu clia sang ché, séﬁg ché d& xuit vat ghi luu trit ¢6 thé doc dugc
bing mdy tinh c6 chuong trinh may tinh duoc luu trit trén d6. Chuong trinh nay, khi
duge thuc hién bang bod xir 1y, thuc hién phuong phéap theo mot bét ky trong sd cac
phuong an cta khia canh tha nhét cua sang ché. Do d6, chi can dir liéu NIPT clia huyét
twong me, va ndng dd axit nucleic thai nhi c6 thé dugc xac dinh nhanh chong voi su
tro giup cua mdi quan hé mét can bang lién két, va né co thé dugc ap dung cho dit liéu
phan tich trinh tu d sau thép, khong dac hiéu voi néng do axit nucleic thai nhi va loai

mau.
Mo ta van tat cac hinh vé

FIG. 1 14 so dd cAu tric cua thiét bi dé xac dinh néng do axit nucleic thai nhi trong

mau ngudi me theo phuong an cta sang ché.

FIG. 2 14 so dd ciu trac cua bo phan tinh toan trong thiét bi dé xac dinh néng do axit

nucleic thai nhi trong méau nguoi me theo phuong dn cla sang che.

FIG. 3 1a so d6 vé phuong phép dé x4c dinh ndng do axit nucleic thai nhi thong qua du

doan mo hinh theo phuong én cla sang che.

FIG. 4 14 @ thi minh hoa céc két qua du dodn vé céc ndng do axit nucleic thai nhi cua
bo dit liéu thir nghiém 1000 mau theo md hinh thu dugc bang cach st dung 10.000

mau lam bd uodn chinh theo phuong &n cia sang che.

12
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FIG. 5 14 d6 thi minh hoa cac két qué dy doan vé cac néng do axit nucleic thai nhi cua
bd dit liéu thir nghiém 1000 méau theo mo hinh thu duoc béng cach sur dung 10.000

mau 1am bd udn chinh theo phuong an cla sang ché.
M0 ta cac phuong an cia sang ché

Céc phuong 4n ciia sang ché dwgc mo ta chi tiét dudi day. Cac vi du vé céc phuong 4n
duoc minh hoa trong cac hinh v& di kém mac du dAu hiéu tham chiéu giéng hoac
twong tu chi cac phan ti gibng hodc tuong tu hodc cac phan tir c6 chirc ning gibng
hoc twong tw. Cac phuong 4n dugc md ta dudi day tham chiéu dén céc hinh vé di kém
14 minh hoa va nhim d& giai thich sang ché, nhung khong dugc hiéu 1a lam gi6i han

sang che.

Trong khi d6, dé dé dang hiéu cac kién thirc trong nganh, mot sb thuat ngit clia sang
ché dugc giai thich va mo ta. Nén duge luu y rang cac giai thich va cic md ta nay chi
nham dé giup hiéu cac gidi phap k¥ thuat cua sang ché, nhung khong nén dugc hiéu 1a

lam gi¢i han pham vi bao hd cta sang che.

O day, cac thuat ngt “thong tin genotyp thir nhét” va “thong tin genotyp thtr hai” dé
cép dén thong tin chira genotyp cla mdi vi tri, va 1a genotyp ban dau thu duge tir dix
liéu phan tich trinh tu va genotyp sau khi hiéu chinh st dung thong tin mét can bing

lién két, twong tmg.

Thuat ngtt "lién két" duoc str dung dé mo ta mdi quan hé giita hai vi tri. Néu khoang
cach gitta hai hodc nhiéu vi tri 1 twong dbi nhé, co xéc suAt nhé ma su giao nhau xay
ra trong khi trong qua trinh gidm phén va cic alen trén hai vi tri cla nhiém séc thé
gibng nhau dugc tach ra. Nghia 1, cac alen ¢ hai vi trf nay khong doc 1ap khi duogc
truyén cho thé hé tiép theo, vi du, cac alen & hai vi tri nay c6 xu huéng dugc di qua
trén do cung nhau, hién tuwong nay dugc dé cap dén 1 lién két. “Ving ndi manh” c6
thé thay ddi theo kich c& va chu tric cia quan thé nghién ctru, va thuong xac dinh la
vung trong do xac sudt to hop lich st xdy ra gitra cap béat ky ctia cac vi tri bién dbi 1a

nho hon 5%.
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Mit can bang lién két d& cap dén tinh hudng ma xac suit két hop genotyp nhét dinh
cla hai vi trf bién ddi dugc thira huéng & cing thoi diém 13 16n hon xac sudt ngiu
nhién. Nghia 1a mién 12 su két hop genotype nhét dinh cta hai vi tri khong dugc thira

hudng hoan toan mot cach ddc 1ap, mat can bang lién két ton tai gitra hai vi tri nay.

Theo khia canh tht nhét cta sang ché, sang ché dé xuét phuong phap dé xac dinh ndng
d6 axit nucleic thai nhi trong mau ngudi me. Phuong phap nay bao gém: (1) xdc dinh
thong tin genotyp thir nhat dua trén su can chinh dit liéu phén tich trinh tw v&i it nhat
mot phan hé gen tham chiéu, trong d6 dit liéu phan tich trinh tw duoc bit ngudn tir mau
axit nucleic cia mau me; (2) hiéu chinh thong tin genotyp thtr nhét dua trén dit liéu
- tham chiéu bang cach str dung mbi quan hé mat can bang lién két, dé thu dugc thong
tin genotyp tht hai; va (3) xac dinh ndng d6 axit nucleic thai nhi dua trén su khac biét
gifta thong tin genotyp thir nhit va thong tin genotyp tht hai. Vi phwong phap duoc
dé xuét boi sang ché, néng do ADN thai nhi trong méu me c6 thé duoc phét hién va

xac dinh.

Khi mdi quan hé mét can bang lién két dugc sir dung dé hiéu chinh, su hiéu chinh c6
thé duge thuc hién dua trén céac phuong phép hoéc phén mém hién cé. Vi du, sy hiéu

chinh hoic su stra lai c6 thé dwgc thuc hién bang phuwong phap gan. Gén 1a phuong

phdp hoan thanh genotyp va hiéu chinh céc vi tri ¢6 dit li¢u x6a hodc do chinh xéac thép.

Cu thé 14, mbi quan hé mt can bang lién két (LD) gifta vi tri dwoc phén tich va cac vi
tri gdn v6i n6 ¢6 d6 chinh xac cao hon duoc sir dung dé tim kiém haplotyp ma so khop
t6t nhat voi vi tri duge phan tich (bang cach sir dung thong tin haplotyp trong quin thé
tham chiéu, hodc st dung thong tin haplotyp trong sb cac c4 thé khac nhau ciia quén
thé duoc phan tich), dé suy ra genotyp x6a & vi tri phan tich hodc hiéu chinh genotyp
d6 chinh xac thip.

Phuong phép géan chi yéu ap dung trong nghién ctru lién quan do rong hé gen (genome
wide association study-GWAS) hodc phan tich di truyén quan thé. Thong tin LD duoc
str dung dé khuéch dai sé céac vi tri dir lidu trén chip, dé dao thong tin genotyp lién

quan dén phenotyp cu thé dén murc tdi da. Theo cach khac, ddi véi dir lidu phan tich
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trinh ty do sdu thip, thong tin haplotyp cla quin thé tham chiéu hogic ciia quin thé
dugc phan tich dugc s dung dé hiéu chinh vi tri genotyp ma duoc phat hi¢n sai do do

sdu qua thip, nho d6 cai thién d chinh xé4c ctia phan tich.

Trong sang ché ndy, nguyén tdc hiéu chinh cac vi tri d§ sau thip trong mau phan tich
st dung thong tin haplotyp trong phép gan duge &p dung cho dit lidu huyét twong me,
va thong tin LD dugc str dung dé uéc tinh toan dién ndng do axit nucleic thai nhi cuia
toan bd hé gen (hogic mirc nhidm sic thé). Khi thyc hién gan trén mot mau, cac thuit
toan suy luan kiéu gen nhu IMPUTE2 c6 tién d& giéng nhau ma mau phan tich 1a
ludng bdi. Do do, khi genotyp ma mau thulin véi tién dé nay (nghia 13, nhiéu hon hai
haplotyp) c6 mét & mot sb vi tri, cac vi tri ndy s& dugc xem 1a cac vi tri 16i va s& duoc
hidu chinh. Vi huyét twong me thyc té chra thong tin vé ba loai thong tin haplotyp,
nghia 13, hai haplotyp me va mot haplotyp thai nhi duoc thira hudng tu b, c6 xé4c suat
nhét dinh ma haplotyp thai nhi ¢6 ngudn gde tir bd duge coi 1a vi tri 15i va do d6 duge
hiéu chinh trong qué trinh gén. Xac suét duoc hiéu chinh nay dugc trong quan tiép v6i

ndng dd cfDNA thai nhi trong huyét twong me.

St dung thong tin vé haplotyp va mAt can bing lién két trong hé gen cua phu nit mang
thai, bang cach ting dung thong tin haplotyp trong gan, ndéng do axit nucleic thai nhi
trong thir nghiém di truyén tién san khong xam 14n ¢6 thé duoc tinh toan dya trén ty 18

cua cac vi tri dugc hiéu chinh béi gan nay.

Khi cin chinh dit liéu phén tich trinh ty véi it nhat mot ph?m cua hé gen tham chiéu,
vung hé gen v6i tin hiéu 1o rang hon c6 thé duoc chon loc 1 ving cdn chinh. Ving hé
gen voi tin hiéu rd rang hon duge dé cap co thé duogc phan anh 13 ving c6 sy bao tram
tdt hon (su bao trum cta dir liu phén tich trinh tu trén hé gen), tAn suit alen nho trong
dbi cao (cho thdy rang vi tri c6 xac suét bién ddi cao trong quan thé), va ty 1& khd cao
ctia cac vi tri bién doi, cho muc dich 14y tiép thong tin ddc trung va khir nhiu 4m nén,

nho d6 cai thién d6 chinh x4c cua sy udce tinh nong do axit nucleic thai nhi.

Khi chon viung ndi manh, ving ndi manh cé thé dugc x4ac dinh béng cach thay ddi kich

& ctra sb tinh toan, vi dy, thay doi ctra s6 Smb thanh ctra s6 10mb hodc thanh ctra so
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toan bd nhiém sic thé, dé cai thién do chinh xac bang cach gia ting so luong cac vi tri

hiéu qua trong moi ctra so.

Trong mdt s phuong n cta sang ché, buse (3) bao gdm thém: bude (3-1) xé4c dinh ty
1¢ khic biét gitta thong tin genotyp thir nhét va thdng tin genotyp thir hai; va buéc (3-2)
x4c dinh nong do axit nucleic thai nhi dya trén ty 1€ khdc biét thu duogc trong bude (3-1)
va cong thire ubn chinh xac dinh trude, trong d6 cong thice udn chinh ndy dugc xéac
dinh dua trén nhiéu mau tham chiéu véi cac néng do axit nucleic thai nhi da bibt. V&
méi quan hé gitta céc ndng do axit nucleic thai nhi da biét va ty 1& khac biét gitta thong
tin genotyp thir nhét va thong tin genotyp tht hai, cac cong thirc hodc cac md hinh
khéc nhau, vi du, md hinh hdi quy tuyén tinh, hogc md hinh khac ma tich hop hiéu qua
tAt ca cac thong tin, nhu md hinh rimg ngau nhién hodc md hinh nghién ctru séu khac,
v.v..., dugc st dung dé udn chinh dé tuong quan ndng do axit nucleic thai nhi véi ty 1¢
khéc nhau. Khi ty 1& khéac biét giita thong tin genotyp thu nhét va thong tin genotyp
thtr hai cia mau axit nucleic tir mau me nhat dinh dugc xdc dinh, ndng do axit nucleic
thai nhi trong mau me nay co thé dugc xac dinh bang phuong tién c¢6 cong thire dugc

udn chinh xéc dinh trudce.

Khi chon hodc xac dinh md hinh, thong tin phenotyp hoan chinh hon va bd sung cia
phu nit mang thai ¢6 thé dugc bd sung la déng bién trong mo hinh du dodn, nho do6 toi

wu md hinh du doan va gia ting do chinh x4c cta wdc tinh.

Theo khia canh khéc cua sang ché, sang ché dé xuét thiét bi dé xac dinh néng do axit
nucleic thai nhi trong mau nguoi me. Nong d6 axit nucleic thai nhi trong mau me ¢6
thé duoc x4ac dinh bing thiét bi nay, ma chi can st dung dit liéu NIPT cia huyét twong
me khong can sy trg giup cia dir liéu khac. Ngoai ra, thiét bi nay c6 thé duge ap dung
cho dit liéu phan tich trinh tur c¢6 do sau siéu thap. Bén canh d6, thiét bj nay khong dac
hiéu loai mAu, va ca hai mau lién quan dén thai nhi bé trai va miu lién quan dén thai
nhi bé gai c6 thé duge st dung. Nhu duge minh hoa trong FIG. 1, thiét bi nay bao gdm:
b6 phén cén chinh duoc cAu hinh dé xac dinh thong tin genotyp thi nhit dua trén su

can chinh gitta dit liéu phan tich trinh ty va it nhit mot phan ciia hé gen tham chiéu,
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trong do dit liéu phén tich trinh tu dugc bét nguén tir mAu axit nucleic ciia mau me; bd
phan hiéu chinh dugc ndi v6i bo phén can chinh, bd phan hi¢u chinh dugc céu hinh dé
hiéu chinh thong tin genotyp thir nhét dya trén dit liéu tham chiéu bing cach sir dung
mbi quan hé mAt can bing lién két dé thu duoc thong tin genotyp thu hai; va bo phén
tinh toan dugc ndi voi bd phan cin chinh va bo phén hiéu chinh, by phén tinh toan
duge ciu hinh dé xac dinh ndng do axit nucleic thai nhi dya trén sy khac biét giita

thong tin genotyp thir nhét va thong tin genotyp tht hai.

Trong it nhat mot sb phuong &n, bd phén tinh todn, nhu dugc minh hoa trong FIG. 2,
bao gdm thém: bd phan tinh toan ty 1¢ khac biét dugc cAu hinh dé xac dinh ty 1¢ khac
biét gifta thong tin genotyp thir nhét va thong tin genotyp thtr hai; va bd phan tinh toan
ndng do axit nucleic thai nhi duge ndi v6i bd phan tinh toan ty 1¢ khac biét. BO phan
tinh toan ndng do axit nucleic thai nhi dugc c4u hinh d& x4c dinh ndng do axit nucleic
thai nhi dua trén ty 1& khac biét thu duoc trong bo phén tinh toan ty 1é khac biét va
cong thirc udn chinh x4c dinh trude. Cong thic udn chinh nay duge xdc dinh dua trén

nhiéu mau tham chiéu véi cac ndng d6 axit nucleic thai nhi da biét.
Vi du thwe hién sang ché

Cac giai phép cua sang ché s& duoc giai thich dudi déy lién quan dén cac vi du.
Chuyén gia trong nganh sé& hiéu ring cac vi du sau chi dugc sir dung dé minh hoa séng
ché, va khong dugc xem la lam gidi han pham vi cua sang ché. Trong @6 céac ky thuét
hodc cac diéu kién cu thé khong dugce néu trong cac vi dy, cdc quy trinh nay s& duoc
thuc hién theo cac k¥ thuat hodc cac diéu kién dugc mod ta trong céac tai liu trong
nganh hoac theo hudng dan cua san pham. Cac chét phan tmg hodc cac thiét bi duoc
st dung khéng chi dinh nha san x4t tAt ca 12 san phdm thong thuong ma san c6 trén thi

trudng.
Vidu 1
Vi du 1 cung cp phuong phap dé tinh toan ndng do axit nucleic thai nhi trong huyét

trong me st dung dit liéu phan tich trinh tw ¢fDNA cua huyét twrong me lam dir liéu
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dau vao. Cac bude cu thé 1a nhu sau:
(1) Xt ly dit liéu so bd

Tét ca dir liéu phan tich trinh tu thd (¢ dang fq) cla céc mAu duge st dung cho udn
chinh md hinh va du doan duoc can chinh véi nhidm sic thé tham chiéu ngudi hg38 su
dung md hinh tuong tu trong BWA sau khi kiém soét chét lugng. Picard dugc st dung
dé loai bo cac sb doc trung ldp trong cac két qua dugc 1ap ban dd va tinh toan ty 1¢
trung lap. Céc két qua dugc lap ban dd duogc hiéu chinh cuc bd st dung ham BQSR
hiéu chinh gi4 tri chét lugng bazo trong thudt toan phat hién bién thé nhu GATK. Su
phan phbi do sau ctia mdi miu duge tinh toan sir dung ham Depth of Coverage trong
thudt todn phét hién bién thé nhu GATK. Ché do phat hién bién thé quén thé trong
thudt toan phat hién bién thé nhu GATK dugc sir dung dé thuce hién sy phat hién bién

thé mot nucleotit (SNV) va sy xen vao-xéa bé doan nhé (Indel).
(2) Lay thong tin genotyp thd

Céc két qua cta cin chinh BWA va loai b6 su trung ldp Picard (¢ dang bam) trong
bude (1) duoc ldy 1a dau vao, va két qua genotyp (& dang vef) duge dua trén do sau
clia cac chi sb tho 1a dau ra thong qua ham mpileup trong phan mém samtools. Nghia

la, ham pileup trong phén mém samtools duge st dung dé suy ra genotyp.
(3) Tinh toén ty 1€ ctia cac vi tri duoc hiéu chinh-gan

Toan bo hé gen duoc chia thanh cac clra s6 5 mb. Mdi ctra s6 13 cho mdi méu dugce phan
tich, va thong tin vi tri bién d6i va thong tin tAn sudt duogc st dung 13 dit liéu tham chiéu
quén thé. Thong tin vi tri bién dbi va thong tin tAn suét c6 thé dén tir cac co s¢ di liéu hién
¢6 (nhu 1000 hé gen, co s& dit liéu Hapmap, va co s¢ dit licu hé gen tham chiéu quﬁn thé
nguoi khac), hodc ¢co thé cling dugc thu dugc thong qua sy tinh toan bang cach st dung
thong tin quan thé ctia chinh dit liéu dau vao (nghia 13, tinh toan truc tiép genotyp va tan
sudt tuong Gmg cua né cua mdi locus trong mau can dugc phén tich). Sy hoan chinh
genotyp va sy hiéu chinh (gan) duogc hoan thanh bang cach str dung IMPUTE2 hodc thuat

todn gan genotyp khac, dé cudi cung thu dugc céc két qua cia genotyp cua moi mau (&
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| dang vcf). Vé&i genotyp thu duge nay va genotyp duge suy ra tur thong tin do sau cac chi
sb tho trong (2), ty 1€ cta céc vi tri khong nhit quan vé genotyp trong hai bd dit liéu dugc
tinh toan 13 ty 1& cta céc vi tri dugce hiéu chinh gan. Sy higu chinh nay co thé dugc thuc
hién bing cach d& cép dén nguyén tic cua Imputation by Porcu, E.; Sanna, S.;
Fuchsberger, C.; Fritsche, L.G., Genotype imputation in genome-wide association

studies. Curr Protoc Hum Genet. 2013, Chapter 1, Unit 1.25.

Gan 1a phuong phéap hoan thién genotyp va hi¢u chinh cac vi tri bang dit lidu x6a hodc
6 chinh xac thip. Cu thé 13, mbi quan hé mét can bing lién két (LD) giita vi tri duge
~phén tich va vi tri gan vé6i né c6 dd chinh xdc cao hon duge st dung dé tim kiém
haplotyp ma so khép nhét véi vi tri dugc phan tich (bing cach sir dung thong tin
haplotyp trong quan thé tham chiéu, hodc st dung thong tin haplotyp trong sd cac ca
thé khéc nhau ciia quan thé duoc phan tich), dé suy ra genotyp x0a & vi tri phén tich

hoic hiéu chinh genotyp d9 chinh xac thép.

Phuong phap gan chu yéu dugc ap dung trong nghién ctru lién quan do sdu hé gen
(genome wide association study-GWAS) hodc phan tich di truyén quin thé. Thong tin
LD duoc sir dung dé khuéch dai sb cac vi tri dit liu trén chip, dé dao thong tin
genotyp lién quan dén phenotyp cu thé dén mac ti da. Theo cach khac, dbi v6i dit lieu
phén tich trinh ty dd sau thdp, thong tin haplotyp cta quan thé tham chiéu hodc cla
quan thé dugc phan tich duge st dung dé hiéu chinh c4c vi tri genotyp dugc phat hién

18i do do sdu qua thip, nhd d6 cai thién do chinh x4c ctia phén tich.

Trong sang ché nay, nguyén tdc hiéu chinh céc vi tri 40 sdu thap trong mau phan tich
sir dung thong tin haplotyp trong phép gan dugc dp dung cho dir liu huyét tuong me,
va thong tin LD dugc st dung dé wéc tinh toan dién néng do axit nucleic thai nhi cua
toan bd hé gen (hoac muirc nhiém sic thé). Khi thuc hién phép gén trén mot mau, cic
thuét toan suy luan kiéu gen nhu IMPUTE2 ¢6 tidn d& gibng nhau ma mau phén tich 1a
ludng boi. Do do, khi cac genotyp ma mau thudn voi tién dé nay (nghia 13, nhiéu hon
hai haplotyp) ton tai & mot s6 vi tri, cdc vi tri nay s& dugc xem 1a céc vi tri 16i va s&

duge hiéu chinh. Vi thuc té 1a huyét twong me chira thong tin vé ba loai haplotyp,
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nghia 13, hai haplotyp me va mot haplotyp thai nhi duge thira huong tir bb, c6 xé4c sut
nhét dinh 14 haplotyp thai nhi c6 ngudn gde tir bd duge coi 1a vi tri 16i va duge hiéu
chinh trong trong qua trinh gan nay. Xac sudt duoc hiéu chinh nay dugc tvong quan

tiép v6i ndng d6 cfDNA thai nhi trong huyét twong me.
(4) Thiét 14p md hinh du dodn nﬁ‘)ng dd axit nucleic thai nhi

Quy trinh gan cho dit liéu phén tich trinh ty 12 quy trinh hi¢u chinh va hoan thién
genotyp véi do chinh xéc thap hodc locus bi x6a v6i su trg giup cuia locus do chinh xac
cao gin d6 str dung thong tin mat can bing lién két gifta céc locus khac nhau. Hién nay,
IMPUTE?2 hoéc céc thuat toan suy luén kiéu gen khac dugc st dung dé thuc hién gan
trén dit liéu cfDNA huyét twong me dua trén gia thiét rang tit ca dit lidu phan tich trinh
tu bit ngudn tir cd thé gidng nhau, nghia 13, chi hai haplotyp. Do d6, trong quy trinh
gan, haplotype thtr ba bao gdm c¢fDNA bb trong huyét trong me s& dugc xem 12 vi tri
18i va do d6 s& duoc hiéu chinh. Néu do sau phan tich trinh tu 1a gidng nhau (hoic sau
khi hiéu chinh do sdu phén tich trinh tv), xac sut cia cfDNA bd 14y ra nghia 1a khac
biét v6i cfDNA bd 13y ra ciia phu nit mang thai gia ting v6i sy gia tang cla nong do
axit nucleic thai nhi, va do d6 ty 1é cua cac vi tri duge hiéu chinh cling gia ting (nhu

dugc minh hoa trong FIG. 3).

Nhu duoc minh hoa trong FIG. 3, khi ty 1€ ¢fDNA cha tuong tng v6i sy gia tang cac
ndng do axit nucleic thai nhi khdc nhau, xac sudt ma genotyp thd (nghia 13, genotyp
thtr nhét) duoc suy ra tir su gia ting cfDNA bd, va do d6 x4c sudt ma cac genotype bb
nay duoc hiéu chinh thanh genotype me thong qua su gén vao cling gia tang. Do 1a, ty
1é khac biét gitta genotyp thir nhét va genotyp thi hai nhu dugc dé cép trén day duge
tang 1én. Do do, néng dd ADN tu do thai nhi c6 thé dugc suy ngugc lai béng cach tinh
toan su thay dbi vé ty 1é clia genotyp thtr nhét voi genotyp thir hai. Nhu dwge minh hoa
trong FIG. 3, ty 1& cta céc vi tri duge hi¢u chinh-géan thay dbi v6i cac nong do axit
nucleic thai nhi khéc nhau, cho thdy quy trinh hiéu chinh suy ra truc tiép ndng do
cfDNA thai nhi va ty 1& thay dbi genotyp.

Dua trén ly thuyét trén, mo hinh hdi quy tuyén tinh dé du do4n ndng do axit nucleic
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thai nhi duoc thit 1ap bing cach sir dung dit liéu cfDNA huyét tvong me thai nhi bé
trai v6i & miu 16n (duoc d& nghi nhidu hon 10.000 trudng hop) lam b udn chinh,
ndng do axit nucleic thai nhi dugc tinh toan v6i d sau nhiém sic thé Y lam bo dung
(gid tri Y), va ty 1& cia céc vi tri dugc hiéu chinh dugc tinh toén trong (3) trén day la
déng bién (gia tri X), va bd sung do siu phan tich trinh tu trung binh, do sdu phén tich

trinh tu cao, va ty 1é tring lip cic mau la dong bién.

Cong thie cu thé ctia md hinh hdi quy tuyén tinh 1a nhu duéi déy:

Yi= 53 T igixiﬁ + 32?‘@ Tt 51’%;{5& + Bmvxicw + lggcwxigz:m? + ﬁﬁiaﬁiﬁaxp té&, i

T = E;mrp;

trong dé Y la néng dd axit nucleic thai nhi bé trai dugc tinh toan tir do sau nhiém séc
thé Y twong tng véi miu i;{xf 1--Xin} 1a ty 1€ cua cac vi tri dugc hiéu chinh bang cach
gan trong mdi ctra sd v6i tht ca n ctra s trong mau i;¥icor 13 4o sau phan tich trinh tu
trung binh twong tmg véi mau i; Yigeor 1y dd siu phén tich trinh tu cua céac chi s6 can

; A , fe X Xeds 18 40 14 e = , -
chinh chat luong cao tuong Gtng véi mau i, *4%# la ty 1€ trung 13p tuong Ung vo1 mau 1;

va p 1a tdng s6 mau trong bd udn chinh.
(5) Du doan ndng dd axit nucleic thai nhi

Cho tht ca cac mau cfDNA huyét tuong me, néng do axit nucleic thai nhi dugc du
doan v&i md hinh du doan thu dugc trong (4) trén, sir dung ty 1& cta cac vi tri duge
hiéu chinh gan, do sdu phan tich trinh tu trung binh, d sau phén tich trinh tu chét

luong cao va ty 18 tring 13p ctia mdi mau 1a dong bién.

Phuong phap nay di dugc thir nghiém so b trén dir liéu phén tich trinh ty SE (khoang
0,1x) do sau siéu thip NIPT (khoang 0,1x). Di liéu ctia 10.000 trudng hop voi bao
thai bé trai lam bd udn chinh, va néng do axit nucleic thai nhi dugc uéce tinh béng do
siu nhiém sic thé Y 1am bo ding duoc sir dung @& uén chinh mé hinh hdi quy tuyén

tinh. Trong khi do, ba bién, nghia 13, do sau phéan tich trinh tu trung binh, d6 sau phan
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tich trinh tw chit luong cao va ty 1€ trung lap cia mdi mAu, duoc sir dung 14 ddng bién
cia mo hinh dé x4y dung mo hinh dy doan. Sau do, ndng do axit nucleic thai nhi cia
1.000 mAu duoc udce tinh ddc 1ap hai 1in bing mo hinh du dodn nay, va sy tuong quan
gitta ndng do axit nucleic thai nhi uéc tinh va ndng do axit nucleic thai nhi thuc té

(ndng dd axit nucleic thai nhi duge tinh toan véi do sau nhiem sédc the Y) la nhu sau.

FIG. 4 minh hoa céac két qué du doan cua néng do axit nucleic thai nhi cia b dit liéu
thir nghiém gdém 1000 mAu (b dit liéu thir nghiém 1), ma duge dw doan doc lap bang
md hinh thu duogc st dung 10.000 mau lam bd ubn chinh. Trong bd dit liéu thir nghiém
1, su twong quan (R?) gitra ndng d¢ axit nucleic thai nhi dugc tinh toan dya trén do sau
nhiém sic thd Y (hoanh do) va ndng do axit nucleic thai nhi dugc tinh toan bang

phuong phap theo sang ché (tung d6) 12 0,7318 (95% muc do tin cdy: 0,7016-0,7593).

FIG. 5 minh hoa céac két qué du doan cua néng do axit nucleic thai nhi cta b dit li€u
thir nghiém gém 1000 mau (bd dit lidu thtt nghiém 2), ma dugc du dodn doc 1ap bang
md hinh thu duoc st dung 10.000 miu 1am bd udn chinh. Trong bd dit liéu thir nghiém
2, su tuong quan (R?) gitta ndng do axit nucleic thai nhi dugc tinh toan dua trén d6 sau
nhiém sic thé Y (hoanh d¢) va ndng do axit nucleic thai nhi dwgc tinh toén bang

phuong phap theo sang ché (tung d6) 12 0,7423 (95% mirc d0 tin cdy: 0,7131-0,7689).

Dua trén cac két qua cua thir nghiém Pearson, ndng do axit nucleic thai nhi dugc uéc
tinh v§i mot trong hai bd dit liéu thir nghiém la twong quan dang ké v6i ndng d6 axit

nucleic thai nhi thu duoc v6i do sdu nhim sédc thé Y (gia tri p 1a nho hon 2,2x101).

Céc két qua twong quan hdi quy tuyén tinh thu dugc tir bd udn chinh gdm 10.000 mau
¢6 thé tham khao phan phu luc. Céc gia tri trong phan phu luc 1a céc két qua dau ra
chuén ctia md hinh hdi quy tuyén tinh trong R. Gia tri wdc tinh (hé s6) 1a gia tri dugc
tinh todn cda hé sé tuong tmg véi mdi ddng bién dau vao, do 13, thong s6 ctia md hinh

thu duoc tir bd ubn chinh. Thong s& nay co thé duge st dung dé du doan ndéng dd

¢fDNA thai nhi ciia mau méi bang cach dua tryc tiép vao trong md hinh tuyén tinh nay.

Do léch chuén 14 sai sé tuong tmg vé&i gia tri ude tinh. Gia tri T va gid tri p 1a cdc ket

qua thir nghiém y nghia cua cac ddng bién twong Gng. Y nghia trong cot cudi cing 13
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muc y nghia dua trén gia tri p. Trong tmg dung thuc té, chi cac ddng bién ¥ nghia hon

(nhu p nhd hon 0,05) ¢6 thé duge chon dé du doan.

Trong ban mo ta cua sang ché, cac thuat ngit "thw nhéat" va "tht hai" chi dugc st dung
cho muc dich mo ta, va khong thé dugc hiéu 13 chi dinh hodc ngu y tAm quan trong
twong dbi hodc hoan toan chi dinh s6 cac ddc diém ky thudt chi ra. Do d6, cdc déc
diém duoc dinh nghia véi "tht nhat" va "tht hai" c6 thé rd rang ho#c hoan toan bao
gbm it nhit mot trong sb cac dac diém. Trong ban mo ta cua sang ché, "nhiéu" phuong

phép it nhit hai, nhu hai, ba, v.v..., trir khi dugc chi dinh khéc.

99 <6

Trong ban md ta, sy mo td c6 tham chiéu dén cac thuat ngit “phuong &n”, “mot s6
phuong an”, “vi du”, “vi du cu thé”, hodc “mot sb vi du”, v,v... nghia la dic diém, cdu
trac, nguyén liéu hodc ddc trung cu thé duge md ta lién quan dén phuong 4n nay hogc
vi du dugc bao gdm trong it nhét mot phwong 4n hodc vi du sang ché. Trong ban mo ta
ndy, cac thuét ngir trén la minh hoa, va khong nhAt thiét dé cap dén phuong an tuong
tu hodc vi du. Hon nfra, ddc diém, céu trac, nguyén liéu hodc déc trung cu thé duoc md
ta c6 thé duoc két hop theo phuong thic két hop trong mot hodc nhiéu phwong 4n bét
ky hodc cac vi du. Ngoai ra, chuyén gia trong nganh co6 thé két hop céc phuong én
hoic cac vi du khac nhau va céac dic diém cua cac phuong an hodc céc vi du khac nhau

duoc mo ta trong ban mo ta nay khong méu thuan vé6i nhau.

Mic du cac phuong an clia séng ché duge minh hoa va dugc md té trén déy, cé thé
duoc hidu ring phuwong 4n néu trén 1a minh hoa va khong nén duoc hicu 1a lam gidi
han sang ché. Chuyén gia trong nganh c6 thé tao ra cc sy thay doi, cai bien, thay thé
va bién ddi dua trén cac phuong dn néu trén trong pham vi cua sang ché nay.

Phu luc

Céc két qua md hinh tuyén tinh thu dugc tir sy udn chinh 10.000 mau tir phu nit mang

thai (thai nhi bé trai):
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Gia tri wéc Do léch
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Pong bién
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2,00E-16

Mire dd -7,54E-01 8,23E-03 -91,70 *xk
Po sau phan tich trinh ty trung binh -3,74E-01 1,59E-01 236 | 1,85E-02 | *
Do sau phan tich trinh tu cao -6,20E-01 1,75E-01 -3,55 | 3,89E-04 | ***
Ty 1€ trung lap 3,13E+00 1,74E-01 18,02 | 2,00E-16 | ***
chr1,1,5000000 5,02E-03 1,67E-03 3,01 | 2.64E-03 | **
¢chr1,5000001,10000000 5,01E-03 1,68E-03 2,97 | 2.95E-03 | **
¢chr1,10000001,15000000 2,92E-03 1,43E-03 2,04 | 4.15E-02 | *
chrl,15000001,20000000 5,79E-03 1,86E-03 3,12 | 1.81E-03 | **
¢chr1,20000001,25000000 4,50E-03 1,83E-03 2,47 | 1.37E-02 | *
¢chr1,25000001,30000000 1,89E-03 1,30E-03 1,46 | 1.45E-01
chr1,30000001,35000000 8,88E-03 2,15E-03 4,13 | 3.69E-05 | ***
¢chr1,35000001,40000000 3,27E-03 1,62E-03 2,01 | 4.41E-02 | *
chr1,40000001,45000000 6,21E-03 1,69E-03 3,68 | 2.33E-04 | **x*
chr1,45000001,50000000 2,03E-03 1,46E-03 1,39 | 1.64E-01
T 16 cia ¢chr1,50000001,55000000 2,57E-03 1,19E-03 2,15 | 3.14E-02 | *
cac vi tri [ chrl,55000001,60000000 7,52E-03 2,28E-03 3,29 | 9.97E-04 | ***
genotyp
dl}'(_yc thay | chr1,60000001,65000000 1,11E-03 1,81E-03 0,61 | 5.40E-01
doi  béi
gén  (cira ¢chr1,65000001,70000000 4,92E-03 1,83E-03 2,69 | 7.07E-03 | **
56 SMb) ¢chr1,70000001,75000000 3,04E-03 1,67E-03 1,82 | 6.88E-02
chr1,75000001,80000000 4,29E-03 1,81E-03 2,37 | 1.79E-02 | *
¢chr1,80000001,85000000 4,38E-03 1,87E-03 2,34 | 1.93E-02 | *
chr1,85000001,90000000 4,77E-03 1,97E-03 2,42 | 1.55E-02 | *
¢hr1,90000001,95000000 1,85E-03 1,70E-03 1,09 | 2.76E-01
¢hr1,95000001,100000000 5,93E-03 1,90E-03 3,12 | 1.83E-03 | **
¢chr1,100000001,105000000 2,48E-03 1,92E-03 1,29 | 1.97E-01
chr1,105000001,110000000 4,59E-03 1,94E-03 2,37 | 1.76E-02 | *
¢hr1,110000001,115000000 4,16E-03 1,80E-03 2,31 | 2.10E-02 | *
chr1,115000001,120000000 1,94E-03 1,88E-03 1,03 3.02E-01
chr1,120000001,125000000 1,15E-03 7,02E-04 1,64 | 1.01E-01
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chr1,140000001,145000000 2,92E-03 1,16E-03 2,51 | 1.21E-02 | *
chr1,145000001,150000000 1,59E-03 9,89E-04 1,61 | 1.08E-01
chr1,150000001,155000000 2,91E-03 1,52E-03 1,92 5‘55E-Q2
chr1,155000001,160000000 1,31E-03 1,40E-03 0,94 | 3.50E-01
chr1,160000001,165000000 5,77E-03 1,84E-03 3,14 | 1.69E-03 | **
¢chr1,165000001,170000000 3,05E-03 1,80E-03 1,70 | 8.97E-02
chr1,170000001,175000000 1,35E-03 1,82E-03 0,74 | 4.58E-01
chrl,175000001,180000000 2,65E-03 1,64E-03 1,62 | 1.06E-01
chr1,180000001,185000000 7,05E-03 1,57E-03 4,49 | 7.21E-06 | ***
chr1,185000001,190000000 2,41E-03 1,70E-03 1,41 | 1.57E-01
chr1,190000001,195000000 2,64E-03 1,99E-03 1,33 | 1.85E-01
¢chr1,195000001,200000000 5,04E-03 1,80E-03 2,80 | 5.17E-03 | **
chr1,200000001,205000000 4,19E-03 1,99E-03 2,10 | 3.55E-02 | *
¢chr1,205000001,210000000 2,63E-03 1,69E-03 1,56 | 1.20E-01
¢chr1,210000001,215000000 2,02E-03 1,83E-03 1,11 | 2.68E-01
¢hr1,215000001,220000000 5,44E-03 1,98E-03 2,76 | 5.88E-03 | **
chr1,220000001,225000000 5,52E-03 2,02E-03 2,74 | 6.19E-03 | **
¢chr1,225000001,230000000 1,91E-03 1,54E-03 1,24 | 2.14E-01
¢chr1,230000001,235000000 9,08E-03 1,96E-03 4,64 | 3.48E-06 | ***
chr1,235000001,240000000 2,33E-03 1,77E-03 1,32 | 1.87E-01
chr1,240000001,245000000 6,15E-03 2,00E-03 3,07 | 2.15E-03 | **
chr1,245000001,250000000 3,55E-03 1,66E-03 2,14 | 3.21E-02 | *
chr10,1,5000000 5,86E-03 2,22E-03 2,63 | 8.45E-03 | **
¢chr10,5000001,10000000 6,62E-03 2,20E-03 3,01 | 2.59E-03 | **
¢chr10,10000001,15000000 4,55E-03 1,99E-03 2,28 | 2.24E-02 | *
¢chr10,15000001,20000000 7,02E-03 2,27E-03 3,10 | 1.95E-03 | **
¢chr10,20000001,25000000 4,68E-03 1,70E-03 2,75 | 5.89E-03 | **
¢hr10,25000001,30000000 8,37E-03 2,23E-03 3,76 | 1.71E-04 | **x*
chr10,30000001,35000000 1,97E-03 1,73E-03 1,14 | 2.55E-01

25



49804

26/49

¢hr10,35000001,40000000 1,40E-03 1,30E-03 1,08 | 2.82E-01
¢chr10,40000001,45000000 3,98E-03 1,57E-03 2,54 | 1.11E-02 | *
¢chr10,45000001,50000000 2,49E-03 1,47E-03 1,70 | 8.98E-02
¢chr10,50000001,55000000 8,08E-03 2,08E-03 3,89 | 1.02E-04 | ***
¢chr10,55000001,60000000 5,20E-03 1,75E-03 2,96 | 3.05E-03 | **
¢chr10,60000001,65000000 4,09E-03 1,82E-03 2,24 | 248E-02 | *
¢chr10,65000001,70000000 8,72E-03 2,23E-03 3,91 | 9.35E-05 | ***
chr10,70000001,75000000 4,91E-03 1,63E-03 3,02 | 2.52E-03 | **
¢hr10,75000001,80000000 3,98E-04 1,54E-03 0,26 | 7.95E-01
¢chr10,80000001,85000000 5,53E-03 1,82E-03 3,05 | 2.32E-03 | **
¢chr10,85000001,90000000 6,73E-03 1,86E-03 3,63 | 2.88E-04 | ***
¢hr10,90000001,95000000 5,61E-03 1,68E-03 3,34 | 8.31E-04 | ***
¢chr10,95000001,100000000 2,70E-03 1,78E-03 1,51 | 1.30E-01
¢hr10,100000001,105000000 6,30E-03 1,56E-03 4,04 | 5.37E-05 | ***
¢hr10,105000001,110000000 5,86E-03 1,75E-03 3,34 | 8.36E-04 | ***
¢chr10,110000001,115000000 5,34E-03 1,84E-03 2,90 | 3.78E-03 | **
¢chr10,115000001,120000000 7,68E-03 1,80E-03 426 | 2.07E-05 | ***
¢hr10,120000001,125000000 7,16E-04 2,18E-03 0,33 | 7.43E-01
¢hr10,125000001,130000000 4,62E-03 2,21E-03 2,09 | 3.66E-02 | *
¢chr10,130000001,135000000 9,08E-03 1,97E-03 4,60 | 4.20E-06 | ***
¢chr10,135000001,140000000 3,54E-04 6,53E-04 0,54 | 5.88E-01
chr11,1,5000000 5,54E-03 1,79E-03 3,10 | 1.93E-03 | **
chr11,5000001,10000000 4,92E-03 2,11E-03 2,33 | 2.01E-02 | *
chr11,10000001,15000000 5,17E-03 2,10E-03 2,46 | 1.39E-02 | *
chr11,15000001,20000000 2,98E-03 2,09E-03 1,42 | 1.55E-01
¢chr11,20000001,25000000 8,55E-03 2,38E-03 3,59 | 3.36E-04 | ***
chr11,25000001,30000000 8,04E-04 1,81E-03 0,44 | 6.57E-01
¢chr11,30000001,35000000 1,96E-03 1,81E-03 1,08 | 2.78E-01
chr11,35000001,40000000 2,94E-03 1,71E-03 1,72 8.47E-O2
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chr11,40000001,45000000 6,83E-03 1,95E-03 3,51 | 4.44E-04 | ***
chr11,45000001,50000000 1,37E-03 1,32E-03 1,04 | 3.00E-01
chr11,50000001,55000000 6,41E-05 7,33E-04 0,09 | 9.30E-01
¢chr11,55000001,60000000 4,50E-05 1,61E-03 0,03 | 9.78E-01
¢chr11,60000001,65000000 1,87E-03 1,48E-03 1,27 | 2.06E-01
chr11,65000001,70000000 3,78E-03 1,52E-03 2,49 | 1.27E-02 | *
chr11,70000001,75000000 4,72E-03 1,61E-03 2,94 | 3.30E-03 | **
chr11,75000001,80000000 3,34E-03 1,55E-03 2,16 | 3.07E-02 | *
¢chr11,80000001,85000000 6,98E-03 1,75E-03 3,98 | 6.97E-05 | ***
¢chr11,85000001,90000000 3,25E-03 1,92E-03 1,70 | 9.02E-02
¢chr11,90000001,95000000 9,87E-03 1,98E-03 4,98 | 6.53E-07 | ***
chr11,95000001,100000000 6,33E-03 2,08E-03 3,04 | 2.37E-03 | **
chr11,100000001,105000000 4,72E-03 2,15E-03 2,19 | 2.84E-02 | *
¢chr11,105000001,110000000 3,13E-03 1,86E-03 1,68 | 9.27E-02
chr11,110000001,115000000 6,99E-03 2,19E-03 3,20 | 1.40E-03 | **
¢hr11,115000001,120000000 6,53E-03 1,93E-03 3,39 | 7.06E-04 | ***
¢hr11,120000001,125000000 3,33E-03 1,64E-03 2,04 | 4.19E-02 | *
chr11,125000001,130000000 5,39E-03 1,85E-03 2,92 | 3.56E-03 | **
chr11,130000001,135000000 5,77E-03 1,95E-03 2,95 | 3.16E-03 | **
chr12,1,5000000 1,36E-04 1,74E-03 0,08 | 9.38E-01
¢chr12,5000001,10000000 4,91E-03 1,56E-03 3,15 | 1.62E-03 | **
¢chr12,10000001,15000000 7,96E-03 1,74E-03 4,57 | 4.91E-06 | ***
chr12,15000001,20000000 3,10E-03 1,94E-03 1,60 | 1.10E-01
¢hr12,20000001,25000000 5,03E-03 1,58E-03 3,19 | 1.45E-03 | **
chr12,25000001,30000000 7,96E-03 2,03E-03 3,93 | 8.62E-05 | ***
¢chr12,30000001,35000000 8,51E-03 1,80E-03 4,73 | 2.28E-06 | ***
¢chr12,35000001,40000000 4,54E-04 9,64E-04 0,47 | 6.38E-01
chr12,40000001,45000000 3,68E-03 2,02E-03 1,82 | 6.89E-02
chr12,45000001,50000000 4,69E-03 1,89E-03 2,48 | 131E-02 | *

27



49804

28/49

¢chr12,50000001,55000000 3,56E-03 1,65E-03 2,16 | 3.11E-02 | *
¢chr12,55000001,60000000 2,32E-03 1,48E-03 1,57 | 1.16E-01
chr12,60000001,65000000 4,74E-03 1,80E-03 2,64 | 8.36E-03 | **
chr12,65000001,70000000 3,91E-03 1,83E-03 2,14 | 3.25E-02 | *
chr12,70000001,75000000 5,53E-03 1,77E-03 3,13 | 1.77E-03 | **
chr12,75000001,80000000 5,71E-03 1,84E-03 3,10 | 1.93E-03 | **
chr12,80000001,85000000 3,89E-03 2,12E-03 1,84 | 6.61E-02
chr12,85000001,90000000 3,83E-03 1,37E-03 2,80 | 5.16E-03 | **
¢hr12,90000001,95000000 7,21E-03 1,86E-03 3,87 | 1.10E-04 | ***
¢chr12,95000001,100000000 7,35E-03 2,04E-03 3,60 | 3.22E-04 | ***
chr12,100000001,105000000 5,89E-03 1,83E-03 3,22 | 1.30E-03 | **
¢chr12,105000001,110000000 7,91E-03 2,26E-03 3,51 | 4.58E-04 | ***
chr12,110000001,115000000 4,42E-03 1,47E-03 3,00 | 2.71E-03 | **
chr12,115000001,120000000 5,05E-03 1,77E-03 2,86 | 4.25E-03 | **
chr12,120000001,125000000 2,72E-03 1,66E-03 1,64 | 1.01E-01
chr12,125000001,130000000 4,91E-03 2,11E-03 2,33 | 1.98E-02 | *
¢chr12,130000001,135000000 2,03E-03 1,78E-03 1,14 | 2.53E-01
¢chr13,15000001,20000000 1,77E-03 7,66E-04 2,31 | 2.08E-02 | *
¢chr13,20000001,25000000 1,93E-03 1,96E-03 0,98 | 3.25E-01
chr13,25000001,30000000 6,00E-03 2,12E-03 2,83 | 4.74E-03 | **
¢chr13,30000001,35000000 3,86E-03 2,05E-03 1,88 | 6.04E-02
chr13,35000001,40000000 6,19E-03 1,76E-03 3,51 | 4.45E-04 | ***
¢chr13,40000001,45000000 5,25E-03 2,14E-03 2,46 | 141E-02 | *
chr13,45000001,50000000 5,49E-03 1,72E-03 3,18 | 1.46E-03 | **
¢chr13,50000001,55000000 2,22E-03 1,61E-03 1,38 | 1.67E-01
chr13,55000001,60000000 3,72E-04 1,71E-03 0,22 | 8.28E-01
¢chr13,60000001,65000000 5,22E-03 1,52E-03 3,44 | 5.83E-04 | ***
¢chr13,65000001,70000000 7,52E-03 1,98E-03 3,80 | 1.47E-04 | ***
chr13,70000001,75000000 5,33E-03 2,00E-03 2,67 | 7.57E-03 | **
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¢chr13,75000001,80000000 3,44E-03 1,76E-03 1,95 | S5.11E-02
¢chr13,80000001,85000000 6,18E-03 1,91E-03 3,24 | 1.20E-03 | **
¢chr13,85000001,90000000 2,76E-03 1,87E-03 1,48 | 1.40E-01
¢chr13,90000001,95000000 7,38E-03 2,17E-03 3,40 | 6.77TE-04 | ***
¢chr13,95000001,100000000 6,44E-03 1,88E-03 3,43 | 6.04E-04 | ***
¢chr13,100000001,105000000 3,79E-03 2,14E-03 1,77 | 7.67E-02
¢chr13,105000001,110000000 6,13E-03 2,10E-03 2,92 | 3.57E-03 | **
chr13,110000001,115000000 4,88E-03 1,97E-03 2,48 | 1.31E-02 | *
chr13,115000001,120000000 -7,11E-04 7,62E-04 -0,93 | 3.51E-01
chr14,15000001,20000000 -2,20E-03 1,86E-03 -1,19 | 2.35E-01
¢chr14,20000001,25000000 4,89E-03 1,93E-03 2,54 | 1.12E-02 | *
chr14,25000001,30000000 7,32E-03 1,85E-03 3,95 | 7.88E-05 | ***
chr14,30000001,35000000 4,06E-03 1,42E-03 2,86 | 4.28E-03 | **
chr14,35000001,40000000 3,74E-03 1,91E-03 1,97 | 4.94E-02 | *
chr14,40000001,45000000 6,82E-03 2,19E-03 3,11 | 1.85E-03 | **
chr14,45000001,50000000 1,93E-03 1,76E-03 1,10 | 2.73E-01
¢chr14,50000001,55000000 1,38E-03 1,86E-03 0,74 | 4.58E-01
chr14,55000001,60000000 4,00E-03 1,87E-03 2,14 | 321E-02 | *
chr14,60000001,65000000 1,32E-03 1,94E-03 0,68 | 4.95E-01
chr14,65000001,70000000 2,30E-03 9,32E-04 2,47 | 1.36E-02 | *
chr14,70000001,75000000 6,41E-03 1,88E-03 3,41 | 6.53E-04 | ***
chr14,75000001,80000000 1,00E-03 1,86E-03 0,54 | 5.90E-01
chr14,80000001,85000000 3,41E-03 2,06E-03 1,66 | 9.76E-02
chr14,85000001,90000000 -1,14E-03 1,94E-03 -0,59 | 5.55E-01
chr14,90000001,95000000 6,69E-03 1,89E-03 3,54 | 3.98E-04 | ***
chr14,95000001,100000000 7,98E-03 2,10E-03 3,80 | 1.43E-04 | ***
chr14,100000001,105000000 5,43E-03 1,70E-03 3,20 | 1.40E-03 | **
chr14,105000001,110000000 1,50E-03 1,23E-03 1,21 | 2.25E-01
¢chr15,15000001,20000000 NA NA NA NA
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chr15,20000001,25000000 2,53E-03 1,21E-03 2,09 | 3.70E-02 | *
chr15,25000001,30000000 1,23E-03 1,66E-03 0,74 | 4.58E-01
chr15,30000001,35000000 3,47E-03 1,67E-03 2,07 | 3.84E-02 | *
¢chr15,35000001,40000000 7,41E-03 1,89E-03 3,93 | 8.69E-05 | #**
¢chr15,40000001,45000000 -3,36E-04 1,04E-03 -0,32 | 7.47E-01
chr15,45000001,50000000 6,54E-04 1,79E-03 0,37 | 7.15E-01
chr15,50000001,55000000 4,13E-03 1,92E-03 2,16 | 3.12E-02 | *
¢chr15,55000001,60000000 -8,54E-04 1,93E-03 -0,44 | 6.58E-01
chr15,60000001,65000000 1,32E-03 1,74E-03 0,76 | 4.48E-01
¢chr15,65000001,70000000 5,86E-03 1,54E-03 3,82 | 1.34E-04 | ***
chr15,70000001,75000000 3,85E-03 1,66E-03 2,32 | 2.04E-02 | *
¢chr15,75000001,80000000 3,57E-04 1,68E-03 0,21 | 8.32E-01
chr15,80000001,85000000 2,24E-03 1,60E-03 1,40 | 1.62E-01
chr15,85000001,90000000 4,59E-03 1,92E-03 2,39 | 1.67E-02 | *
¢chr15,90000001,95000000 3,22E-03 2,09E-03 1,54 | 1.24E-01
¢chr15,95000001,100000000 7,17E-03 2,03E-03 3,54 4.03E-04 ok
¢chr15,100000001,105000000 2,85E-03 1,35E-03 2,11 | 3.53E-02 | *
chr16,1,5000000 1,45E-03 1,37E-03 1,06 | 2.88E-01
¢chr16,5000001,10000000 3,67E-03 1,71E-03 2,15 | 3.19E-02 | *
chr16,10000001,15000000 -2,33E-04 1,99E-03 -0,12 | 9.07E-01
¢chr16,15000001,20000000 5,25E-04 1,57E-03 0,34 | 7.37E-01
chr16,20000001,25000000 4,18E-03 1,53E-03 2,74 | 6.16E-03 | **
¢chr16,25000001,30000000 2,12E-03 1,38E-03 1,54 | 1.24E-01
¢hr16,30000001,35000000 2,08E-03 9,24E-04 2,25 | 2.43E-02 | *
chr16,35000001,40000000 1,42E-03 1,25E-03 1,14 | 2.55E-01
chr16,45000001,50000000 3,86E-03 1,02E-03 3,81 | 1.43E-04 | ***
¢chr16,50000001,55000000 5,06E-03 1,68E-03 3,01 | 2.61E-03 | **
¢chr16,55000001,60000000 5,44E-03 2,24E-03 2,43 | 1.52E-02 | *
chr16,60000001,65000000 4,81E-03 2,12E-03 2,26 | 2.36E-02 | *
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¢chr16,65000001,70000000 6,22E-04 1,37E-03 0,45 | 6.51E-01
chr16,70000001,75000000 6,58E-04 1,51E-03 0,44 | 6.62E-01
chr16,75000001,80000000 2,53E-03 2,23E-03 1,14 | 2.56E-01
chr16,80000001,85000000 8,61E-03 2,31E-03 3,72 | 2.01E-04 | ***
chr16,85000001,90000000 5,99E-03 1,98E-03 3,03 | 2.46E-03 | **
¢chr16,90000001,95000000 1,18E-03 7,34E-04 1,60 | 1.09E-01
chr17,1,5000000 2,81E-03 1,32E-03 2,14 | 3.27E-02 | *
¢chr17,5000001,10000000 4,40E-03 1,73E-03 2,54 | 1.11E-02 | *
chr17,10000001,15000000 8,25E-03 2,12E-03 3,90 | 9.67E-05 | ***
chr17,15000001,20000000 4,41E-03 1,53E-03 2,88 | 3.98E-03 | **
¢chr17,20000001,25000000 7,11E-04 8,21E-04 0,87 | 3.86E-01
¢chr17,25000001,30000000 3,73E-03 1,33E-03 2,81 | 4.94E-03 | **
chr17,30000001,35000000 6,86E-03 2,06E-03 3,33 | 8.83E-04 | ***
¢chr17,35000001,40000000 4,20E-04 1,59E-03 0,27 | 7.91E-01
chr17,40000001,45000000 3,12E-03 1,20E-03 2,60 | 9.22E-03 | **
chr17,45000001,50000000 5,61E-03 1,75E-03 321 | 1.34E-03 | **
¢chr17,50000001,55000000 2,36E-03 1,76E-03 1,34 | 1.81E-01
chr17,55000001,60000000 9,93E-04 1,09E-03 0,91 | 3.61E-01
chr17,60000001,65000000 3,96E-03 1,27E-03 3,12 | 1.82E-03 | **
¢chr17,65000001,70000000 3,43E-03 1,77E-03 1,94 | 5.30E-02
¢chr17,70000001,75000000 5,74E-03 1,56E-03 3,67 | 2.44E-04 | **x*
chr17,75000001,80000000 5,97E-03 1,63E-03 3,67 | 2.46E-04 | ***
chr17,80000001,85000000 2,61E-04 8,99E-04 0,29 | 7.71E-01
¢chr18,1,5000000 6,78E-03 2,18E-03 3,11 | 1.87E-03 | **
chr18,5000001,10000000 6,66E-03 1,91E-03 3,49 | 4.91E-04 | ***
¢hr18,10000001,15000000 1,36E-03 1,92E-03 0,71 | 4.80E-01
chr18,15000001,20000000 9,21E-04 7,91E-04 1,17 | 2.44E-01
chr18,20000001,25000000 4,15E-03 1,82E-03 2,28 | 2.27E-02 | *
chr18,25000001,30000000 7,12E-03 2,14E-03 3,32 | 8.98E-04 | ***
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chr18,30000001,35000000 1,49E-03 1,51E-03 0,99 | 3.23E-01
chr18,35000001,40000000 2,26E-03 2,04E-03 1,10 | 2.70E-01
chr18,40000001,45000000 3,19E-03 2,13E-03 1,50 | 1.35E-01
chr18,45000001,50000000 2,66E-03 1,96E-03 1,36 | 1.74E-01
¢chr18,50000001,55000000 5,27E-03 1,75E-03 3,02 | 2.52E-03 | **
chr18,55000001,60000000 4,63E-03 1,77E-03 2,62 | 8.80E-03 | **
chr18,60000001,65000000 5,23E-03 2,05E-03 2,55 | 1.09E-02 | *
¢chr18,65000001,70000000 9,81E-03 2,14E-03 4,58 | 4.62E-06 | ***
chr18,70000001,75000000 6,97E-03 1,99E-03 3,50 | 4.60E-04 | ***
chr18,75000001,80000000 3,00E-03 1,85E-03 1,63 | 1.04E-01
¢chr19,1,5000000 7,62E-04 1,15E-03 0,66 | 5.08E-01
¢chr19,5000001,10000000 1,66E-03 1,31E-03 1,26 | 2.07E-01
¢chr19,10000001,15000000 1,39E-03 1,18E-03 1,17 | 2.41E-01
¢chr19,15000001,20000000 4,17E-04 1,62E-03 0,26 | 7.97E-01
chr19,20000001,25000000 1,62E-03 1,85E-03 0,88 | 3.79E-01
¢hr19,25000001,30000000 4,56E-03 1,49E-03 3,07 | 2.15E-03 | **
¢chr19,30000001,35000000 3,81E-03 1,70E-03 2,24 | 2.54E-02 | *
¢chr19,35000001,40000000 2,83E-03 1,55E-03 1,82 | 6.81E-02
¢chr19,40000001,45000000 2,83E-03 1,64E-03 1,73 | 8.45E-02
chr19,45000001,50000000 2,13E-03 1,26E-03 1,69 | 9.06E-02
chr19,50000001,55000000 5,36E-03 1,38E-03 3,88 | 1.04E-04 | ***
¢chr19,55000001,60000000 3,63E-03 1,35E-03 2,68 | 7.28E-03 | **
chr2,1,5000000 7,31E-03 2,26E-03 3,24 | 121E-03 | **
¢hr2,5000001,10000000 3,53E-03 1,88E-03 1,88 | 6.01E-02
chr2,10000001,15000000 5,85E-03 1,95E-03 3,00 | 2.73E-03 | **
chr2,15000001,20000000 5,11E-03 1,87E-03 2,73 | 6.38E-03 | **
¢hr2,20000001,25000000 1,71E-03 1,57E-03 1,09 | 2.76E-01
¢chr2,25000001,30000000 1,57E-03 1,45E-03 1,08 | 2.81E-01
¢hr2,30000001,35000000 5,72E-03 2,03E-03 2,82 | 4.777E-03 | **
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¢hr2,35000001,40000000 3,42E-03 1,88E-03 1,82 | 6.92E-02
¢chr2,40000001,45000000 5,00E-03 1,97E-03 2,54 | 1.11E-02 | *
¢chr2,45000001,50000000 3,05E-03 1,98E-03 1,54 | 1.23E-01
¢chr2,50000001,55000000 3,20E-03 2,38E-03 1,35 | 1.78E-01
¢chr2,55000001,60000000 4,58E-03 1,84E-03 2,49 | 1.29E-02 | *
¢chr2,60000001,65000000 2,01E-03 1,42E-03 1,41 | 1.59E-01
¢hr2,65000001,70000000 3,93E-03 2,15E-03 1,83 | 6.77E-02
chr2,70000001,75000000 1,57E-03 1,80E-03 0,87 | 3.82E-01
¢chr2,75000001,80000000 3,55E-03 2,30E-03 1,54 | 1.23E-01
chr2,80000001,85000000 2,60E-03 1,37E-03 1,91 | 5.65E-02
chr2,85000001,90000000 1,46E-03 1,22E-03 1,19 | 2.33E-01
¢hr2,90000001,95000000 -9,40E-04 8,89E-04 -1,06 | 2.90E-01
chr2,95000001,100000000 1,38E-03 1,17E-03 1,18 | 2.40E-01
¢hr2,100000001,105000000 5,89E-03 1,77E-03 3,32 | 8.95E-04 | ***
chr2,105000001,110000000 4,52E-03 1,76E-03 2,57 | 1.03E-02 | *
¢chr2,110000001,115000000 2,56E-03 1,64E-03 1,56 | 1.18E-01
chr2,115000001,120000000 1,70E-03 1,89E-03 0,90 | 3.66E-01
¢chr2,120000001,125000000 3,10E-03 1,88E-03 1,65 | 9.95E-02
chr2,125000001,130000000 2,90E-03 1,74E-03 1,67 | 9.59E-02
¢chr2,130000001,135000000 8,91E-03 1,83E-03 4,88 | 1.09E-06 | ***
chr2,135000001,140000000 2,73E-03 1,94E-03 1,41 | 1.59E-01
¢hr2,140000001,145000000 5,04E-03 2,16E-03 2,33 | 1.98E-02 | *
chr2,145000001,150000000 1,91E-03 1,51E-03 1,27 | 2.04E-01
chr2,150000001,155000000 5,86E-03 1,89E-03 3,11 | 1.88E-03 | **
chr2,155000001,160000000 2,39E-03 1,38E-03 1,74 | 8.21E-02
¢hr2,160000001,165000000 7,30E-03 1,86E-03 3,93 | 8.52E-05 | ***
chr2,165000001,170000000 5,52E-03 2,17E-03 2,54 | 1.10E-02 | *
chr2,170000001,175000000 5,94E-04 1,76E-03 0,34 | 7.35E-01
¢hr2,175000001,180000000 3,65E-03 1,43E-03 2,55 | 1.07E-02 | *
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¢chr2,180000001,185000000 7,15E-03 2,12E-03 3,38 | 7.36E-04 | ***
chr2,185000001,190000000 -8,89E-04 1,18E-03 -0,76 | 4.50E-01
¢hr2,190000001,195000000 3,75E-03 1,49E-03 2,52 | 1.18E-02 | *
chr2,195000001,200000000 4,01E-03 1,37E-03 2,92 | 3.55E-03 | **
¢hr2,200000001,205000000 3,70E-03 1,71E-03 2,17 | 3.00E-02 | *
¢chr2,205000001,210000000 4,24E-03 1,71E-03 2,48 | 1.32E-02 | *
¢hr2,210000001,215000000 4,64E-03 1,60E-03 2,90 | 3.78E-03 | **
¢hr2,215000001,220000000 5,56E-03 1,77E-03 3,14 | 1.69E-03 | **
¢chr2,220000001,225000000 6,00E-03 2,16E-03 2,78 | 5.50E-03 | **
chr2,225000001,230000000 4,43E-03 2,05E-03 2,16 | 3.11E-02 | *
¢hr2,230000001,235000000 5,87E-03 2,03E-03 2,89 | 3.86E-03 | **
¢hr2,235000001,240000000 4,81E-03 1,85E-03 2,60 | 9.27E-03 | **
¢chr2,240000001,245000000 7,45E-03 1,99E-03 3,75 | 1.77E-04 | ***
¢chr20,1,5000000 5,27E-03 1,77E-03 2,98 | 2.91E-03 | **
¢hr20,5000001,10000000 3,56E-03 2,00E-03 1,78 | 7.50E-02
¢hr20,10000001,15000000 2,56E-03 2,04E-03 1,26 | 2.09E-01
¢chr20,15000001,20000000 1,25E-02 2,22E-03 5,64 | 1.75E-08 | ***
¢hr20,20000001,25000000 4,93E-03 1,90E-03 2,60 | 9.43E-03 | **
¢chr20,25000001,30000000 1,86E-03 7,23E-04 2,57 | 1.02E-02 | *
¢hr20,30000001,35000000 4,36E-04 1,02E-03 0,43 | 6.68E-01
¢hr20,35000001,40000000 5,15E-03 1,73E-03 2,98 | 2.92E-03 | **
¢hr20,40000001,45000000 2,46E-03 1,64E-03 1,51 | 1.32E-01
¢chr20,45000001,50000000 7,97E-04 1,72E-03 0,46 | 6.43E-01
¢hr20,50000001,55000000 6,20E-03 1,91E-03 3,24 | 1.21E-03 | **
chr20,55000001,60000000 4,40E-03 1,87E-03 2,35 | 1.87E-02 | *
¢hr20,60000001,65000000 4,65E-03 1,49E-03 3,13 | 1.78E-03 | **
¢hr21,5000001,10000000 3,39E-04 1,93E-03 0,18 | 8.60E-01
¢hr21,10000001,15000000 -9,92E-05 7,57E-04 -0,13 | 8.96E-01
chr21,15000001,20000000 3,38E-03 1,64E-03 2,06 | 3.95E-02 | *
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¢chr21,20000001,25000000 6,07E-03 2,25E-03 2,70 | 6.95E-03 | **
¢chr21,25000001,30000000 9,42E-03 2,25E-03 4,18 | 2.93E-05 | ***
¢hr21,30000001,35000000 4,68E-03 1,90E-03 2,46 | 1.40E-02 | *
¢chr21,35000001,40000000 6,71E-03 1,91E-03 3,53 | 4.26E-04 | ***
chr21,40000001,45000000 6,23E-03 2,16E-03 2,89 | 3.89E-03 | **
¢chr21,45000001,50000000 1,62E-03 1,46E-03 1,11 | 2.67E-01
¢chr22,15000001,20000000 3,69E-03 1,22E-03 3,03 | 2.45E-03 | **
¢hr22,20000001,25000000 3,71E-03 1,75E-03 2,13 | 3.33E-02 | *
¢chr22,25000001,30000000 7,19E-03 1,74E-03 4,13 | 3.74E-05 | ***
chr22,30000001,35000000 2,43E-03 1,88E-03 1,29 | 1.97E-01
¢chr22,35000001,40000000 4,07E-03 1,57E-03 2,60 | 9.39E-03 | **
chr22,40000001,45000000 3,78E-04 1,64E-03 0,23 | 8.18E-01
chr22,45000001,50000000 5,13E-03 2,22E-03 2,31 | 2.09E-02 | *
chr22,50000001,55000000 5,78E-04 9,00E-04 0,64 | S5.21E-01
chr3,1,5000000 6,72E-03 1,94E-03 3,46 | S5.41E-04 | ***
¢chr3,5000001,10000000 6,18E-03 2,07E-03 2,98 | 2.86E-03 | **
¢hr3,10000001,15000000 2,22E-03 2,03E-03 1,10 | 2.73E-01
¢chr3,15000001,20000000 3,82E-03 1,57E-03 243 | 1.5 1E02 | *
¢chr3,20000001,25000000 8,03E-03 2,18E-03 3,69 | 2.28E-04 | ***
¢chr3,25000001,30000000 4,62E-03 1,67E-03 2,77 | 5.65E-03 | **
¢chr3,30000001,35000000 4,70E-03 2,06E-03 2,28 | 2.29E-02 | *
chr3,35000001,40000000 3,65E-03 1,63E-03 2,24 | 2.50E-02 | *
chr3,40000001,45000000 5,35E-03 1,51E-03 3,56 | 3.79E-04 | ***
¢chr3,45000001,50000000 -9,46E-04 1,49E-03 -0,63 | 5.26E-01
chr3,50000001,55000000 1,85E-03 1,25E-03 1,48 | 1.40E-01
chr3,55000001,60000000 4,99E-03 1,70E-03 2,93 | 3.39E-03 | **
¢hr3,60000001,65000000 3,05E-03 1,87E-03 1,63 | 1.03E-01
¢hr3,65000001,70000000 -1,37E-04 2,10E-03 -0,07 | 9.48E-01
chr3,70000001,75000000 7,90E-03 1,79E-03 441 | 1.04E-05 | ***
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¢chr3,75000001,80000000 1,38E-03 1,76E-03 0,78 | 4.33E-01
¢chr3,80000001,85000000 2,84E-03 1,79E-03 1,58 | 1.14E-01
chr3,85000001,90000000 3,85E-03 1,99E-03 1,93 | 5.34E-02
¢chr3,90000001,95000000 2,53E-03 1,02E-03 2,48 | 1.30E-02 | *
¢chr3,95000001,100000000 2,48E-05 1,40E-03 0,02 | 9.86E-01
chr3,100000001,105000000 3,39E-03 1,67E-03 2,03 | 425E-02 | *
¢hr3,105000001,110000000 7,39E-04 1,45E-03 0,51 | 6.09E-01
¢chr3,110000001,115000000 -1,28E-03 1,82E-03 -0,71 | 4.80E-01
chr3,115000001,120000000 2,15E-03 1,79E-03 1,20 | 2.29E-01
chr3,120000001,125000000 3,06E-03 1,96E-03 1,56 | 1.19E-01
chr3,125000001,130000000 5,73E-03 1,89E-03 3,03 | 2.4S5E-03 | **
¢chr3,130000001,135000000 8,23E-03 2,01E-03 4,09 | 4.44E-05 | ***
chr3,135000001,140000000 1,02E-03 1,51E-03 0,67 | 5.02E-01
chr3,140000001,145000000 1,98E-03 1,82E-03 1,09 | 2.78E-01
chr3,145000001,150000000 5,42E-03 1,97E-03 2,75 | 5.89E-03 | **
¢chr3,150000001,155000000 7,07E-03 1,83E-03 3,86 | 1.15E-04 | ***
chr3,155000001,160000000 -4,33E-04 1,70E-03 -0,26 | 7.99E-01
¢chr3,160000001,165000000 2,18E-03 1,56E-03 1,39 | 1.64E-01
chr3,165000001,170000000 5,95E-03 1,56E-03 3,81 | 1.41E-04 | ***
chr3,170000001,175000000 4,57E-03 1,90E-03 2,40 | 1.64E-02 | *
chr3,175000001,180000000 2,88E-03 1,76E-03 1,64 | 1.01E-01
chr3,180000001,185000000 6,38E-03 1,67E-03 3,81 | 1.39E-04 | ***
chr3,185000001,190000000 2,38E-03 1,89E-03 1,26 | 2.08E-01
¢chr3,190000001,195000000 5,90E-03 2,44E-03 2,42 | 1.57E-02 | *
chr3,195000001,200000000 1,51E-03 8,66E-04 1,74 | 8.19E-02
chr4,1,5000000 2,35E-03 1,71E-03 1,38 ];_gf
chr4,5000001,10000000 4,12E-03 1,95E-03 2,12 | 3.40E-02 | *
chr4,10000001,15000000 3,85E-03 1,71E-03 2,25 | 2.44E-02 | *
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chr4,15000001,20000000 1,07E-02 2,01E-03 5,33 | L.O1E-07 | ***
chr4,20000001,25000000 5,72E-03 2,03E-03 2,82 | 4.88E-03 | **
chr4,25000001,30000000 5,10E-03 1,64E-03 3,12 | 1.83E-03 | **
chr4,30000001,35000000 4,79E-03 1,98E-03 2,42 | 1.54E-02 | *
chr4,35000001,40000000 7,16E-03 2,03E-03 3,52 | 4.29E-04 | ***
chr4,40000001,45000000 -1,63E-04 1,69E-03 -0,10 | 9.23E-01
chr4,45000001,50000000 6,46E-04 1,65E-03 0,39 | 6.96E-01
chr4,50000001,55000000 3,00E-03 1,28E-03 2,35 | 1.90E-02 | *
chr4,55000001,60000000 3,77E-03 1,93E-03 1,95 | 5.11E-02
chr4,60000001,65000000 4,85E-03 2,01E-03 2,41 | 1.60E-02 | *
chr4,65000001,70000000 6,08E-03 1,88E-03 324 | 1.22E-03 | **
chr4,70000001,75000000 8,25E-03 2,04E-03 4,05 | 5.17E-05 | ***
chr4,75000001,80000000 4,18E-03 2,02E-03 2,07 | 3.86E-02 | *
chr4,80000001,85000000 1,10E-02 2,04E-03 5,39 | 7.09E-08 | ***
chr4,85000001,90000000 5,26E-03 1,88E-03 2,79 | 5.21E-03 | **
¢chr4,90000001,95000000 4,97E-03 2,02E-03 2,46 | 1.38E-02 | *
chr4,95000001,100000000 2,33E-03 1,60E-03 1,46 | 1.46E-01
chr4,100000001,105000000 5,41E-03 1,81E-03 2,99 | 2.82E-03 | **
chr4,105000001,110000000 2,92E-03 1,63E-03 1,79 | 7.40E-02
chr4,110000001,115000000 5,26E-03 2,11E-03 2,50 | 1.24E-02 | *
chr4,115000001,120000000 3,91E-03 1,79E-03 2,18 | 2.94E-02 | *
chr4,120000001,125000000 2,02E-03 1,68E-03 1,20 | 2.30E-01
chr4,125000001,130000000 2,99E-03 1,81E-03 1,65 | 9.87E-02
chr4,130000001,135000000 1,16E-02 2,22E-03 520 | 1.99E-07 | ***
chr4,135000001,140000000 7,41E-03 2,04E-03 3,64 | 2.70E-04 | ***
chr4,140000001,145000000 5,35E-04 1,56E-03 0,34 | 7.31E-01
chr4,145000001,150000000 4,57E-03 1,66E-03 2,75 | 6.01E-03 | **
chr4,150000001,155000000 4,17E-03 1,70E-03 2,46 | 1.39E-02 | *
chr4,155000001,160000000 7,63E-03 1,87E-03 4,09 | 4.38E-05 | ***
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chr4,160000001,165000000 5,88E-03 2,03E-03 2,90 | 3.79E-03 | **
chr4,165000001,170000000 6,19E-03 1,78E-03 3,47 | 5.23E-04 | ***
chr4,170000001,175000000 3,39E-04 1,67E-03 0,20 | 8.39E-01
chr4,175000001,180000000 4,00E-03 2,15E-03 1,86 | 6.33E-02
chr4,180000001,185000000 4,39E-03 1,95E-03 2,25 | 242E-02 | *
chr4,185000001,190000000 6,26E-03 2,15E-03 2,91 | 3.61E-03 | **
chr4,190000001,195000000 -5,12E-04 9,36E-04 -0,55 | 5.85E-01
chr5,1,5000000 1,14E-02 2,22E-03 5,15 | 2.73E-Q7 | ***
¢chr5,5000001,10000000 7,59E-03 2,43E-03 3,13 | 1.77E-03 | **
chr5,10000001,15000000 2,02E-04 1,62E-03 0,12 | 9.01E-01
chr5,15000001,20000000 3,31E-03 1,79E-03 1,85 | 6.51E-02
¢chr5,20000001,25000000 6,67E-03 2,05E-03 3,25 | 1.17E-03 | **
chr5,25000001,30000000 1,29E-03 1,96E-03 0,66 | S.11E-01
¢chr5,30000001,35000000 6,66E-03 1,93E-03 3,45 | 5.69E-04 | ***
¢chr5,35000001,40000000 4,37E-03 1,75E-03 2,50 | 1.25E-02 | *
chr5,40000001,45000000 2,31E-03 1,60E-03 1,45 | 1.48E-01
¢chr5,45000001,50000000 -9,63E-04 6,81E-04 -1,42 | 1.57E-01
chr5,50000001,55000000 6,90E-04 1,85E-03 0,37 | 7.10E-01
¢chr5,55000001,60000000 -7,50E-04 1,87E-03 -0,40 | 6.88E-01
¢chr5,60000001,65000000 1,87E-03 1,65E-03 1,14 | 2.55E-01
chr5,65000001,70000000 7,03E-03 1,69E-03 4,16 | 3.21E-05 ok
¢chr5,70000001,75000000 8,69E-03 1,92E-03 4,52 | 6.31E-06 | ***
chr5,75000001,80000000 6,42E-03 1,94E-03 3,30 | 9.60E-04 | ***
¢chr5,80000001,85000000 1,21E-03 1,49E-03 0,81 | 4.18E-01
¢chr5,85000001,90000000 4,21E-03 1,62E-03 2,59 | 9.53E-03 | **
¢chr5,90000001,95000000 2,74E-03 1,49E-03 1,84 | 6.58E-02
chr5,95000001,100000000 4,27E-03 1,64E-03 2,60 | 9.41E-03 | **
¢hr5,100000001,105000000 5,10E-03 1,62E-03 3,15 | 1.63E-03 | **
chr5,105000001,110000000 5,65E-03 1,86E-03 3,04 | 2.38E-03 | **
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chr5,110000001,115000000 3,73E-03 1,78E-03 2,09 | 3.65E-02 | *
¢chr5,115000001,120000000 5,18E-03 1,69E-03 3,07 | 2.14E-03 | **
chr5,120000001,125000000 2,06E-03 1,80E-03 1,15 | 2.52E-01
chr5,125000001,130000000 3,15E-03 1,83E-03 1,72 | 8.56E-02
chr5,130000001,135000000 4,19E-03 1,42E-03 2,95 | 3.20E-03 | **
chr5,135000001,140000000 5,65E-03 1,59E-03 3,55 | 3.85E-04 | ***
chr5,140000001,145000000 2,54E-03 1,62E-03 1,57 | 1.17E-01
chr5,145000001,150000000 2,32E-03 1,87E-03 1,24 | 2.15E-01
¢chr5,150000001,155000000 3,39E-06 1,67E-03 0,00 | 9.98E-01
chr5,155000001,160000000 7,75E-04 1,83E-03 0,42 | 6.72E-01
chr5,160000001,165000000 1,69E-03 8,53E-04 1,98 | 4.79E-02 | *
¢chr5,165000001,170000000 1,17E-02 1,35E-03 8,67 | <2.2E-16 | ***
¢chr5,170000001,175000000 -3,33E-04 1,73E-03 -0,19 | 8.47E-01
chr5,175000001,180000000 6,34E-03 1,78E-03 3,56 | 3.68E-04 | ***
chr5,180000001,185000000 -6,44E-04 6,80E-04 -0,95 | 3.43E-01
chr6,1,5000000 1,02E-02 2,13E-03 4,81 | 1.56E-06 | ***
¢chr6,5000001,10000000 4,50E-03 1,81E-03 2,49 | 1.29E-02 | *
¢chr6,10000001,15000000 4,39E-03 2,12E-03 2,07 | 3.86E-02 | *
¢chr6,15000001,20000000 1,33E-03 1,83E-03 0,73 | 4.65E-01
¢hr6,20000001,25000000 8,67E-03 1,93E-03 4,48 | 7.48E-06 | ***
¢chr6,25000001,30000000 1,45E-03 1,27E-03 1,14 | 2.55E-01
¢chr6,30000001,35000000 3,52E-04 9,14E-04 0,39 | 7.00E-01
chr6,35000001,40000000 3,85E-03 1,71E-03 2,25 | 243E-02 | *
¢chr6,40000001,45000000 2,84E-03 1,52E-03 1,87 | 6.18E-02
chr6,45000001,50000000 4,83E-03 1,68E-03 2,88 | 3.98E-03 | **
¢hr6,50000001,55000000 8,47E-03 1,84E-03 4,61 | 4.00E-06 | ***
¢hr6,55000001,60000000 1,79E-03 1,33E-03 1,34 | 1.79E-01
¢hr6,60000001,65000000 1,26E-03 1,31E-03 0,96 | 3.35E-01
¢hr6,65000001,70000000 5,08E-03 1,95E-03 2,61 | 9.16E-03 | **
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¢chr6,70000001,75000000 6,96E-03 1,92E-03 3,63 | 2.83E-04 | *%**
¢chr6,75000001,80000000 2,51E-03 1,65E-03 1,52 | 1.29E-01
¢chr6,80000001,85000000 4,90E-03 1,84E-03 2,67 | 7.62E-03 | **
chr6,85000001,90000000 1,40E-03 1,75E-03 0,80 | 4.23E-01
¢hr6,90000001,95000000 4,45E-03 1,92E-03 2,32 | 2.05E-02 | *
¢hr6,95000001,100000000 3,70E-03 1,88E-03 1,97 | 4.84E-02 | *
¢chr6,100000001,105000000 5,55E-03 2,25E-03 2,47 | 1.35E-02 | *
¢hr6,105000001,110000000 4,71E-03 1,62E-03 2,91 | 3.60E-03 | **
chr6,110000001,115000000 6,08E-03 1,88E-03 3,24 | 1.21E-03 | **
chr6,115000001,120000000 6,09E-03 1,75E-03 3,47 | 5.15E-04 | #**
¢chr6,120000001,125000000 5,83E-03 2,19E-03 2,67 | 7.71E-03 | **
¢chr6,125000001,130000000 -3,38E-04 1,44E-03 -0,23 | 8.15E-01
chr6,130000001,135000000 3,42E-03 1,59E-03 2,15 | 3.15E-02 | *
chr6,135000001,140000000 4,77E-03 1,74E-03 2,75 | 6.05E-03 | **
chr6,140000001,145000000 4,00E-03 1,71E-03 2,34 | 1.96E-02 | *
chr6,145000001,150000000 3,83E-03 1,72E-03 2,22 | 2.62E-02 | *
¢chr6,150000001,155000000 7,47E-03 2,12E-03 3,52 | 4.30E-04 | ***
chr6,155000001,160000000 3,49E-03 1,89E-03 1,85 | 6.43E-02
chr6,160000001,165000000 6,15E-03 2,04E-03 3,01 | 2.60E-03 | **
¢hr6,165000001,170000000 9,41E-03 2,53E-03 3,71 | 2.05E-04 | ***
chr6,170000001,175000000 8,84E-04 1,01E-03 0,88 | 3.79E-01
chr7,1,5000000 4,05E-03 1,70E-03 2,38 | 1.74E-02 | *
¢hr7,5000001,10000000 6,39E-03 1,88E-03 3,40 | 6.71E-04 | ***
¢chr7,10000001,15000000 6,23E-03 2,30E-03 2,70 | 6.91E-03 | **
¢hr7,15000001,20000000 6,13E-03 2,18E-03 2,81 | S5.00E-03 | **
¢hr7,20000001,25000000 6,75E-03 2,11E-03 3,20 | 1.38E-03 | **
¢hr7,25000001,30000000 3,42E-03 2,00E-03 1,71 | 8.71E-02
¢hr7,30000001,35000000 6,75E-03 2,03E-03 3,33 | 8.63E-04 | ***
chr7,35000001,40000000 5,02E-03 2,19E-03 2,29 | 2.19E-02 | *
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¢chr7,40000001,45000000 -4,19E-05 1,72E-03 -0,02 | 9.81E-01
¢chr7,45000001,50000000 4,50E-03 2,25E-03 2,00 | 4.54E-02 | *
¢hr7,50000001,55000000 4,09E-03 2,22E-03 1,84 | 6.53E-02
¢hr7,55000001,60000000 8,45E-04 1,52E-03 0,56 | S5.78E-01
¢chr7,60000001,65000000 1,51E-03 1,45E-03 1,04 | 2.98E-01
¢chr7,65000001,70000000 4,48E-03 1,73E-03 2,59 | 9.56E-03 | **
¢hr7,70000001,75000000 2,72E-03 1,53E-03 1,77 | 7.68E-02
chr7,75000001,80000000 4,30E-03 1,83E-03 2,35 | 1.88E-02 | *
¢chr7,80000001,85000000 1,01E-02 2,15E-03 471 | 2.52E-06 | ***
chr7,85000001,90000000 5,78E-03 1,88E-03 3,08 | 2.06E-03 | **
¢hr7,90000001,95000000 3,28E-03 1,79E-03 1,83 | 6.71E-02
¢hr7,95000001,100000000 1,39E-03 1,81E-03 0,77 | 4.42E-01
¢chr7,100000001,105000000 4,74E-03 1,72E-03 2,75 | 5.95E-03 | **
¢chr7,105000001,110000000 2,37E-03 1,59E-03 1,48 | 1.38E-01
¢hr7,110000001,115000000 3,46E-03 1,66E-03 2,08 | 3.76E-02 | *
¢hr7,115000001,120000000 7,42E-04 1,69E-03 0,44 | 6.60E-01
¢chr7,120000001,125000000 5,24E-03 1,84E-03 2,85 | 4.40E-03 | **
¢chr7,125000001,130000000 5,73E-03 1,61E-03 3,57 | 3.60E-04 | ***
¢chr7,130000001,135000000 4,10E-03 1,60E-03 2,57 | 1.02E-02 | *
¢chr7,135000001,140000000 4,81E-03 1,58E-03 3,04 | 2.36E-03 | **
¢chr7,140000001,145000000 2,78E-03 1,54E-03 1,81 | 7.11E-02
¢chr7,145000001,150000000 2,43E-03 1,66E-03 1,46 | 1.43E-01
¢chr7,150000001,155000000 2,70E-03 2,02E-03 1,33 | 1.82E-01
chr7,155000001,160000000 4,52E-03 1,86E-03 2,43 | 1.50E-02 | *
chr8,1,5000000 9,32E-03 3,03E-03 3,08 | 2.08E-03 | **
chr8,5000001,10000000 6,91E-03 2,36E-03 2,93 | 3.42E-03 | **
chr8,10000001,15000000 8,08E-03 2,31E-03 3,50 | 4.63E-04 | ***
chr8,15000001,20000000 5,92E-03 2,42E-03 2,45 | 1.42E-02 | *
¢hr8,20000001,25000000 1,69E-03 2,06E-03 0,82 | 4.13E-01
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¢chr8,25000001,30000000 1,03E-02 2,03E-03 5,09 | 3.70E-07 | ***
¢chr8,30000001,35000000 2,37E-03 1,76E-03 1,35 | 1.76E-01
¢chr8,35000001,40000000 3,67E-03 1,65E-03 2,23 | 2.56E-02 | *
chr8,40000001,45000000 3,61E-03 1,43E-03 2,53 | 1.14E-02 | *
chr8,45000001,50000000 4,98E-04 7,88E-04 0,63 | 5.28E-01
¢chr8,50000001,55000000 2,51E-03 1,47E-03 1,71 | 8.83E-02
¢chr8,55000001,60000000 1,02E-02 2,33E-03 437 | 1.25E-05 | ***
¢chr8,60000001,65000000 5,91E-03 2,16E-03 2,73 | 6.38E-03 | **
¢chr8,65000001,70000000 -7,25E-04 1,82E-03 -0,40 | 6.91E-01
chr8,70000001,75000000 4,81E-03 1,99E-03 2,42 | 1.55E-02 | *
chr8,75000001,80000000 3,82E-03 1,80E-03 2,13 | 3.35E-02 | *
chr8,80000001,85000000 5,00E-03 2,07E-03 2,41 | 1.59E-02 | *
chr8,85000001,90000000 4,48E-03 1,53E-03 2,93 | 3.35E-03 | **
¢chr8,90000001,95000000 6,27E-03 1,72E-03 3,64 | 2.75E-04 | ***
chr8,95000001,100000000 3,49E-03 1,83E-03 1,91 | 5.67E-02
chr8,100000001,105000000 3,84E-05 1,36E-03 0,03 | 9.78E-01
chr8,105000001,110000000 6,32E-03 1,69E-03 3,74 | 1.86E-04 | ***
chr8,110000001,115000000 4,73E-03 1,50E-03 3,16 | 1.57E-03 | **
chr8,115000001,120000000 4,92E-03 1,92E-03 2,57 | 1.03E-02 | *
chr8,120000001,125000000 9,94E-03 1,97E-03 5,04 | 4.77E-Q7 | ***
chr8,125000001,130000000 6,63E-03 1,92E-03 3,46 | 5.36E-04 | ***
chr8,130000001,135000000 7,54E-03 2,10E-03 3,60 | 3.25E-04 | ***
chr8,135000001,140000000 1,10E-02 2,22E-03 4,95 | T.44E-07 | ***
chr8,140000001,145000000 8,17E-03 2,09E-03 3,91 | 9.33E-05 | ***
chr8,145000001,150000000 1,42E-04 8,48E-04 0,17 | 8.67E-01
chr9,1,5000000 3,61E-03 2,01E-03 1,80 | 7.26E-02
¢hr9,5000001,10000000 1,14E-02 2,11E-03 5,37 | 8.09E-08 | ***
¢hr9,10000001,15000000 6,20E-03 1,92E-03 322 | 1.27E-03 | **
¢chr9,15000001,20000000 3,60E-03 1,67E-03 2,16 | 3.12E-02 | *
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¢hr9,20000001,25000000 4,85E-03 1,67E-03 2,90 | 3.78E-03 | **
¢chr9,25000001,30000000 3,68E-03 1,76E-03 2,09 | 3.68E-02 | *
chr9,30000001,35000000 2,63E-03 1,91E-03 1,38 | 1.69E-01
¢chr9,35000001,40000000 1,93E-05 1,47E-03 0,01 | 9.90E-01
¢chr9,40000001,45000000 -6,96E-04 7,81E-04 -0,89 | 3.72E-01
chr9,45000001,50000000 9,09E-04 9,56E-03 0,10 | 9.24E-01
¢hr9,65000001,70000000 1,99E-03 9,65E-04 2,06 | 3.93E-02 | *
¢chr9,70000001,75000000 3,21E-03 1,76E-03 1,83 | 6.80E-02
¢hr9,75000001,80000000 2,49E-03 1,51E-03 1,65 | 9.91E-02
chr9,80000001,85000000 3,59E-03 1,76E-03 2,04 | 4.09E-02 | *
¢chr9,85000001,90000000 9,40E-03 1,89E-03 4,97 | 6.95E-07 | ***
¢hr9,90000001,95000000 6,17E-03 2,14E-03 2,89 | 3.84E-03 | **
¢chr9,95000001,100000000 6,88E-03 1,90E-03 3,63 | 2.90E-04 | ***
¢chr9,100000001,105000000 2,92E-03 2,07E-03 1,41 | 1.59E-01
¢chr9,105000001,110000000 6,41E-03 1,93E-03 3,33 | 8.70E-04 | ***
chr9,110000001,115000000 3,41E-03 2,13E-03 1,60 | 1.10E-01
chr9,115000001,120000000 4,65E-03 2,09E-03 2,23 | 2.60E-02 | *
¢chr9,120000001,125000000 4,33E-03 1,65E-03 2,63 | 8.62E-03 | **
¢chr9,125000001,130000000 5,95E-03 1,84E-03 3,23 | 1.25E-03 | **
¢chr9,130000001,135000000 4,60E-03 1,52E-03 3,03 | 2.48E-03 | **
chr9,135000001,140000000 2,24E-03 1,73E-03 1,29 | 1.97E-01
chr9,140000001,145000000 9,77E-05 6,93E-04 0,14 | 8.88E-01
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YEU CAU BAO HQ

1. Phuong phap dé xac dinh ndng dd axit nucleic thai nhi trong méu me, bao

N
A

gom:

bude 1 1a x4c dinh bang bd xir ly thong tin genotyp thi nhét dua trén sy cin chinh
dir liéu phan tich trinh tu v6i it nhit mot phan hé gen tham chiéu, trong d6 dit liéu

phén tich trinh tu dugc bat nguodn tir mau axit nucleic cia mau me;

budc 2 1a hiéu chinh bang bo xir 1y théng tin genotyp thir nhit dva trén dit lidu
tham chiéu bang cach st dung mbi quan hé mat can bing lién két, dé thu duoc thong

tin genotyp thir hai; va

budc 3 xac dinh bﬁmg bd xir ly néng do axit nucleic thai nhi dua trén sy khac biét

gitta thong tin genotyp thtr nhét va thong tin genotyp thir hai.

2. Phuong phap theo diém 1, trong d6 dit liéu phan tich trinh ty thu dugc bing

cach phan tich trinh ty mau axit nucleic cia mau me.

3. Phuong phap theo diém 1, trong d6 hé gen tham chiu chira it nhat mot ving

noi manh trong hé gen nguoi.

4. Phuong phép theo diém 3, trong d6 ving nbi manh c6 chidu dai nim trong

khoang tir Smb dén 10 mb.

5. Phwong phap theo diém 1, trong d6 thong tin genotyp thir nhét dugc x4c dinh

dua trén so cac chi sO phan tich trinh tu hd tro.

6. Phuong phap theo diém 1, trong d6 thong tin genotyp thir nhét chira it nhat mot
trong s& SNP hoic Indel.

7. Phuong phép theo diém 1, trong d6 dit liéu tham chiéu chtra nhidu méu thong

tin vi tri bién do6i va nhiéu mau thong tin tan suat bién doi.

8. Phuong phap theo diém 1, trong d6 sy hiéu chinh dugc thyc hién thong qua
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IMPUTE2.
9. Phuong phap theo diém 1, trong d6 budc 3 bao gdm thém:

budc 3-1 xac dinh ty 1é khac biét gitra thong tin genotyp thir nhit va thong tin
genotyp thtr hai; va

budc 3-2 xac dinh néng do axit nucleic thai nhi theo ty 1€ khac biét thu duoc
trong budc 3-1 va cong thuc udn chinh so bo, trong d6 cong thirc ubn chinh so bd
duoc xac dinh dua trén nhiéu mau udn chinh véi céc néng dd axit nucleic thai nhi da

biét.
10. Thiét bi dé xac dinh n6ng d6 axit nucleic thai nhi trong mau me, bao gém:

bd phén cin chinh duoc ciu hinh dé x4c dinh thong tin genotyp tht nhét dua trén
su can chinh gitra dit liéu phan tich trinh tu va it nhét mot phén cua hé gen tham chiéu,

trong d6 dit liéu phén tich trinh tyr duge bat ngudn tir mAu axit nucleic clia mau me;

b phan hiéu chinh duge ndi v6i bd phén can chinh va duge cdu hinh dé hidu
chinh théng tin genotyp tht nhét dua trén dit liéu tham chiéu bang cach st dung moi

quan hé mit cin bang lién két dé thu dugc thong tin genotyp thit hai; va

bd phan tinh todn dugc ndi voi bd phan cédn chinh va bd phan hiéu chinh, by phan
tinh toan dugc cAu hinh dé xac dinh ndng d6 axit nucleic thai nhi dua trén sy khac biét

gifta thong tin genotyp thir nhat va thong tin genotyp thir hai.

11. Thiét bi theo diém 10, trong d6 dit liéu phén tich trinh tu thu dugc bang cach

phén tich trinh ty mau axit nucleic cia mau me, va/hodc

thong tin genotyp thir nhit duge xac dinh dua trén sb c4c chi sd phan tich trinh tu

ho tro, va/hodc
thong tin genotyp thir nhat chura it nhit mot trong s6 SNV hozc Indel, va/hoic

dir liéu tham chiéu chira nhiéu mau thong tin vi tri bién d6i va nhiéu mau thong

tin tan suat bién doi, va/hoac
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su hiéu chinh dugc thuc hién thong qua IMPUTE2.

12. Thiét bi theo diém 10, trong d6 hé gen tham chiéu chira it nht mot vung ndi
manh trong hé gen ngudi, wu tién 13, ving ndi manh c6 chidu dai nam trong khoang tir

5mb dén 10 mb.
13. Thiét bi theo diém 10, trong d6 bd phén tinh toan bao gdm thém:

bo phén tinh toan ty 18 khac biét dugc cdu hinh dé xac dinh ty 1¢ khac biét gifta
thong tin genotyp thi nhat va thong tin genotyp thir hai; va

bd phén tinh todn néng do axit nucleic thai nhi dugc ndi v6i bd phén tinh toéan ty
16 khac biét va dugc ciu hinh dé xac dinh ndng d6 axit nucleic thai nhi theo ty 1¢ khéac
biét nay thu dugc trong bd phén tinh todn ty 1€ khac biét va cong thirc udn chinh so b,
trong d6 cong thic ubn chinh so bo nay duge xac dinh dua trén nhiéu méu ubn chinh

véi cadc nong do axit nucleic thai nhi da biét.

14. Thiét bi may tinh, bao g6m bd nhd, b6 xt 1y, va chuong trinh mdy tinh dugc

luu trir trén b nhé nay va dugce thuc hién trén bd xt ly,

trong d6 chuong trinh nay, khi dugc thuc hién boi bd xur ly, thuc hién phuong

phép theo mot didm bt ky trong sb cac diém tir 1 dén 9.

15. Vat ghi luu trit ¢ thé doc duoc bing may tinh cé chuong trinh méy tinh dugc
luu trit trén d6, trong d6 chuong trinh nay, khi duge thuc hién biang bo xit ly thuc hién

phwong phap theo mot diém bét ky trong s6 cac diém tir 1 dén 9.
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B0 phén can chinh

B6 phan tinh toan

B phéan hiéu chinh

FIG. 1

B phan tinh toan ty 1€ khac biét

B0 phan tinh todn ndng 9 axit nucleic thai nhi

FIG. 2
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